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SUMMARY 


This  report,  which  describes  portions  of  the  Visibility  Laboratory's  Project  OPAQUE  II*  effort,  was 
prepared  under  AFGL  Contract  F 19628- 76- C- 0004.  The  principal  project  task  was  to  take  daytime  atmos- 
pheric optical  measurements  in  northern  Europe  and.  from  these  measurements,  to  determine  optical 
properties  for  various  upward-  and  downward- inclined  paths  of  sight.  These  properties  include  the  natural 
irradiance  upon  horizontal  plane  surfaces,  scalar  irradiances,  total  volume  scattering  coefficients,  atmos- 
pheric beam  transmittances,  path  radiances,  directional  path  reflectances,  and  directional  sky  and  terrain 
reflectances.  This  report  does  not  contain  all  of  these  optical  properties,  but  in  an  effort  to  accelerate 
the  availability  of  selected  values,  we  have  restricted  the  data  to  total  volume  scattering  coefficients, 
atmospheric  beam  transmittances,  and  natural  irradiances  upon  horizontal  plane  surfaces.  The  data  base 
for  the  derivation  of  the  additional,  more  directional  optical  properties  is  available  on  tape  and  can  be 
exploited  upon  demand.  Selected  meteorological  properties  measured  concurrently  with  the  radiometric 
data  are  also  included. 

V 

The  OPAQUE  II  field  trip  was  made  to  northern  Europe  during  October,  November,  and  December 
1976.  Data  were  recorded  in  three  separate  geographical  regions  - namely,  off  the  southern  coast  of 
Denmark,  over  northern  Germany,  and  over  western  France.  The  daytime  flight  conditions  for  the  12  flights 
reported  herein  ranged  from  scattered  clouds  at  low  altitude  and  clear  at  high  altitude  to  fully  overcast. 

The  airborne  radiometric  instrumentation,  developed  at  the  Visibility  Laboratory  and  mounted  in 
Air  Force  C-130A  Aircraft  No.  50022,  consisted  of  a total  scattering  meter  (or  integrating  nephelometer) 
for  determining  the  total  volume  scattering  coefficient,  two  sky  scanning  radiometers  lor  measuring  upper 
and  lower  hemisphere  (sky  and  terrain)  radiances,  a dual  irradiometer  for  measuring  alternately  the  down- 
welling  and  upwelling  irradiances,  an  equilibrium  radiance  telephotometer,  and  a variable  direction  path 
function  meter.  The  meteorological  instrumentation  included  an  absolute  pressure  transducer,  a dewpoint 
hygrometer,  and  an  AN/AMQ-17  aerograph  for  measuring  ambient  temperature  and  pressure. 


• The  project  title  OPAQUE  II  has  been  assigned  to  this  activity  by  the  Air  Force  Geophysics  Laboratory  as  a nick- 
name for  procedural  identification  only.  It  is  not  necessarily  utilized  or  recognized  by  agencies  or  organizations 
outside  of  the  participating  USAF  organizations  and  the  Visibility  Laboratory.  The  relationship  between  this  activ- 
ity and  other  similar  activities  conducted  by  the  Visibility  Laboratory  is  well-illustrated  in  AFCRL-TR- 75-0457, 
Duntley,  et  a!.  (1975b). 
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A Visibility  Laboratory  ground-based  data  station  equipped  with  a contrast  reduction  meter  for 
determining  earth-to-space  beam  transmittance  was  located  near  the  flight  track  during  the  flights  in 
Germany  and  France.  It  was  not  utilized  during  the  flights  in  Denmark. 


Each  optical  instrument  was  fitted  with  five  optical  filters  causing  it  to  measure  at  three  narrow 
wavelength  bands  of  the  spectrum  and  two  broad  pass  bands.  The  measurements  were  made  using  three 
narrow  band  filters  at  mean  wavelengths  of  478,  664,  and  765  nanometers  and  a pseudo-photopic  filter 
with  a mean  wavelength  of  557  nanometers. 


All  primary  data  were  recorded  on  magnetic  tapes  which  were  returned  to  the  Visibility  Laboratory 
for  processing  at  the  computer  facilities  of  the  University  of  California,  San  Diego. 
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GLOSSARY  AND  NOTATION 


The  notation  used  in  reports  and  journal  articles  produced  by  the  Visibility  Laboratory  staff  follows, 
in  general,  the  rules  set  forth  in  pages  499  and  500,  Duntley  et  at.  (1957).  These  rules  are: 

Each  optical  property  is  indicated  by  a basic  (parent)  symbol. 

A presubscript  may  be  used  with  the  parent  symbol  as  an  identifier,  e.g.,  b 
indicates  background  while  t denotes  an  object. 

A postsubscript  may  be  used  to  indicate  the  length  of  a path  of  sight,  e.g., 
r denotes  an  apparent  property  as  measured  at  the  end  of  a path  of  sight  of 
length  r,  while  o denotes  an  inherent  property  based  upon  the  hypothetical 
concept  of  a photometer  located  at  zero  distance  from  an  object. 

A postsuperscript*,  or  a postsubscript,,  is  employed  as  a mnemonic  symbol 
signifying  that  the  radiometric  quantity  has  been  generated  by  the  scattering 
of  ambient  light  reaching  the  path  from  all  directions. 

The  parenthetical  attachments  to  the  parent  symbol  denote  altitude  and  direction. 

The  letter  z indicates  altitude  in  general;  z(  is  used  to  specify  the  altitude 
of  an  object.  The  direction  of  a path  of  sight  is  specified  by  the  zenith  angle  6 
and  the  azimuth  c/S.  In  the  case  of  irradiances,  the  downwelling  irradiance  is 
designated  by  d,  the  upwelling  by  u. 

The  glossary  for  meteorological  symbols  is  presented  in  Section  6. 


A (z) 
AGL 

e 

V 


Albedo  at  altitude  z,  defined  by  the  equation  A (z)  = H (z,u) / H (z,d). 
Above  ground  level. 

Saturated  vapor  pressure  at  dewpoint  or  frostpoint  temperature. 
Saturated  vapor  pressure  at  ambient  temperature. 


r 


H(z.d) 


H(z.u) 


Liz) 


Liz) 


N(z 

RH 

R/M  (0) 


Va 


s (z) 


,s(z) 


Irradiance  produced  by  downwelling  flux  as  determined  on  a horizontal  flat  plate  at 
altitude  z.  In  this  report  d is  used  in  place  of  the  minus  sign  in  the  notation  H(z(,  ) 
which  appears  in  Duntley  (1969).  This  property  may  be  defined  by  the  equation 

H(z,d)  / N (z,fl' , <£'  ) cosfl'  dll  . 
iir 

Irradiance  produced  by  upwelling  flux  as  determined  on  a horizontal  flat  plate  at  altitude 
z.  Here  u is  substituted  for  the  plus  sign  formerly  used  in  the  notation  H(z,  ♦). 

Attenuation  length  at  altitude  z.  This  property  is  the  reciprocal  of  the  attenuation  coef 
ficient,  that  is. 


Liz)  . a(z)-‘  . 


1 


i 


Equivalent  attenuation  length  is  defined  as 


Liz) 


- z 

In  T.IO.O) 


Radiance  as  determined  from  altitude  z in  the  direction  specified  by  zenith  angle  0 and 
azimuth  <i>. 

Relative  humidity  in  percent  RH  = (ey/et)  100. 

Universal  gas  constant. 

Standardized  relative  spectral  response  of  filter/cathode  combination  where  is  spec- 
tral sensitivity  of  the  multiplier  phototube  cathode  and  T^  is  spectral  transmittance  of 
optical  filter. 

Total  volume  scattering  coefficient  as  determined  at  altitude  z.  This  property  may  be 
defined  by  the  equation 


s(z)  s 


dn  . 


In  the  absence  of  atmospheric  absorption,  the  total  volume  scattering  coefficient  is 
numerically  equal  to  the  attenuation  coefficient. 


Total  volume  scattering  coefficient  for  Rayleigh  scattering  at  altitude  z. 


xiv 


Tr(z.0) 


Beam  transmittance  as  determined  at  altitude  z for  a path  of  sight  of  length  r at  zenith 
angle  6.  This  property  is  independent  of  azimuth  in  atmospheres  having  horizontal  uni 
formity.  It  is  always  the  same  for  the  designated  path  of  sight  or  its  reciprocal 


Visibility  as  estimated  by  the  meteorologists  VV  « 3/ s(z). 

Altitude,  usually  used  as  above  ground  level. 

Altitude  of  an  ob|ect. 

Volume  attenuation  coefficient  as  determined  at  altitude  z.  In  the  absence  of  atmospheric 
absorption,  the  attenuation  coefficient  is  numerically  equal  to  the  volume  scattering 
coefficient. 

Symbol  for  scattering  anjle  of  flux  from  a light  source.  It  is  equal  to  the  angle  between 
the  line  from  the  source  to  the  observer  and  the  path  of  sight. 

Symbol  to  indicate  incremental  quantity  and  used  with  r and  z to  indicate  small,  dis- 
crete increments  in  path  length  r and  altitude  z. 

Response  area  is  defined  as  8^  = ii(S^T^)  A A. 

Symbol  for  zenith  angle.  This  symbol  is  usually  used  as  one  of  two  coordinates  to  specify 
the  direction  of  a path  of  sight. 

Symbol  for  zenith  angle  usually  used  as  one  of  two  coordinates  to  specify  the  direction 
of  a discrete  portion  of  the  sky. 

Symbol  for  wavelength. 

Mean  wavelength  is  defined  as  A EA(S^T^)  A A / 5^  . 


Density  at  altitude  z. 

Symbol  for  volume  scattering  function.  Parenthetical  symbols  may  be  added;  for  example. 
(i  may  be  used  to  designate  the  scattering  angle  from  a source.  In  Gordon  (1969)  the 
parenthetical  symbols  are  z and  ft  for  altitude  and  scattering  angle. 


rr(z,^f)/s(z)  Proportional  directional  volume  scattering  function.  This  may  be  defined  by  the  equation 

/ [er(z,0)/s(z)l  d 11  1 . 
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Symbol  for  azimuth.  The  azimuth  is  the  angle  in  the  horizontal  plane  of  the  observer 
between  a fixed  point  and  the  path  of  sight.  The  fixed  point  may  be,  for  example,  true 
north,  the  bearing  of  the  sun.  or  the  bearing  of  the  moon.  This  symbol  is  usually  used 
as  one  of  two  coordinates  to  specify  the  direction  of  a path  of  sight. 


This  symbol  for  azimuth  is  usually  used  as  one  of  two  coordinates  to  specify  the  direction 
of  a discrete  portion  of  the  sky. 


Symbol  for  solid  angle.  For  a hemisphere 

U 2 rr  steradians; 
for  a sphere  il  4 rr  steradians . 
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1.  INTRODUCTION 


The  field  measurement  program  described  in  this  report  was  organized  under  the  proieet  title 
OPAQUE  II  (Optical  Atmospheric  Quantities  in  Europe).  It  was  conducted  during  October,  November,  and 
December  1976,  to  obtain  data  for  case  studies  of  the  fall  season  atmospheric  optical  properties  over 
northern  Europe. 

The  OPAQUE  II  deployment  was  the  second  in  a series  that  is  planned  to  provide  atmospheric 
optical  data  in  several  regions  of  northern  Europe.  These  deployments  are  organized  as  a cooperative 
but  independent  effort  associated  with  the  NATO  Research  Study  Group  8 of  Panel  IV.  AC243.  The 
OPAQUE  II  deployment  plan  was  specified  in  Air  Force  Geophysics  Laboratory  OPLAN  for  OPAQUE  II, 
dated  10  April  1977. 

The  Visibility  Laboratory  maintains  a continuing  program  of  improved  techniques  for  predicting, 
by  calculation  from  physical  data,  the  probabilities  that  any  object  can  be  visually  detected  and  recog- 
nized. The  program  is  multifaceted  in  that  it  involves  the  development  of  techniques  and  expertise  in 
several  different  technical  areas,  each  related  to  the  visual  detection  and  recognition  task.  Several  of 
the  major  areas  are,  for  example,  measurement  and  analysis  of  typical  terrain  characteristics  and  scene 
reflectances,  studies  in  the  restoration  of  atmospherically  distorted  images,  measurement  and  analysis 
of  the  optical  properties  of  the  atmosphere,  and  studies  into  the  perceptual  capabilities  of  the  human 
visual  system  and  its  electro-optical  counterparts.  The  joint  application  of  the  techniques  perfected  in 
each  of  these  specialty  areas  results  in  the  determination  of  detection  probabilities.  Inclusion  of  allow 
ances  for  a priori  information  and  reasoning  processes  of  the  brain  enable  the  probabilities  of  recognition, 
classification,  and  identification  of  real-world  objects  to  be  predicted. 

The  instrumental  and  computational  organization  for  implementing  the  continuing  improvement  of 
those  techniques  related  to  the  documentation  of  optical  atmospheric  properties  is  documented  in  several 
preceding  reports.  The  most  recent  of  these  reports  is  AFGL-TR- 77-0078,  Duntley,  ef  al.  (1977). 

This  report,  Scientific  Report  No  8.  has  been  prepared  under  Contract  No.  F19628  76  C 0004.  It 
contains  measured  profiles  of  atmospheric  volume  scattering  coefficient  and  downwelling  irradiances 
between  ground  level  and  altitudes  up  to  6 kilometers.  Computed  values  for  vertical  atmospheric  beam 
transmittance  and  equivalent  attenuation  length  are  also  presented  for  the  same  altitude  interval.  The 
measurements  were  made  along  the  flight  tracks  illustrated  in  Figs.  1 - 1 a . 1 - 1b,  1 1c,  and  1- Id.  Selected 
meteorological  properties  measured  concurrently  with  the  radiometric  data  are  also  included 
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Fig.  1 - 1 a.  Typical  OPAQUE  II  Flight  Tracks 
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OPAQUE  11  Flight  Track  in  tha  Araa  of  the  Lolland  OPAQUE  Station 
Latitude  and  Longitude  References  are  to  Fllaht  Track  Canter  Point. 
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Fig.  1-tc.  OPAQUE  It  Flight  Track  in  the  Area  of  the  Meppen  OPAQUE  Station 
Latitude  and  Longitude  References  are  to  Flight  Track  Center  Point. 


Fig.  1-1d.  OPAQUE  11  Flight  Track  in  the  Area  of  the  Bruz  OPAQUE  Station 
Latitude  and  Longitude  References  are  to  Flight  Track  Center  Point 


The  methods  used  in  the  derivation  and  computation  of  the  included  optical  properties  are  summa- 
rized in  Section  2,  and  are  similar  to  those  presented  in  AFGL-TR- 77-0078,  Duntley,  et  at.  (1977). 

The  instrumentation,  developed  at  the  Visibility  Laboratory  and  installed  in  Air  Force  C-130A 
Aircraft  No.  50022,  is  reported  in  detail  in  AFCRL- 70-0137,  Duntley,  et  al.  (1970a),  AFCRL- 72-0593, 
Duntley,  et  al.  (1972c),  and  AFCRL- TR- 75-0457,  Duntley,  et  al.  (1975b).  A brief  review  of  the  instrumenta- 
tion as  used  during  the  OPAQUE  II  deployment  is  presented  in  Section  3. 


The  instrumentation  used  to  generate  the  raw  data  upon  which  the  reported  properties  are  based 
consisted  of  an  integrating  nephelometer  and  a dual  irradiometer.  Corroborative  data  were  obtained  using 
a ground-based  contrast  reduction  meter  to  determine  earth-to-space  beam  transmittances  when  weather 
permitted. 


The  radiometer  spectral  responses  were  standardized  for  the  OPAQUE  II  deployment  in  the  manner 
illustrated  in  Fig.  1-2. 

Data  collection  methods  were  similar  to  those  reported  in  AFCRL- TR-74-0298,  Duntley,  et  al.  (1974). 
The  highest  straight  and  level  altitude  was  approximately  6000  meters  above  ground  level  (AGL).  The 
basic  features  of  these  stylized  daytime  flight  profiles  are  summarized  in  Section  4. 

The  computer  techniques  used  for  processing  the  data  included  in  this  report  are  summarized  in 
Section  5.  They  are,  in  general,  the  same  as  the  techniques  reported  in  AFCRL-TR- 75-0457,  Duntley, 
et  at.  (1975b). 
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Fig.  1-2.  Standard  Spectral  Responses  - Project  OPAQUE  II. 
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A general  discussion  of  the  weather  patterns  that  predominated  in  the  northern  European  area  during 
the  data  collection  interval  is  presented  in  Section  6.  This  section,  in  conjunction  with  the  (light  track 
photographs  shown  in  Section  7,  is  intended  as  an  aid  to  the  data  user's  generalized  interpretation  and 
evaluation.  The  inclusion  of  the  graphical  presentations  is  intended  to  further  facilitate  the  user's  rapid 
orientation  with  the  overall  weather  situation. 


The  radiometric  data  representing  12  separate  flights  are  also  presented  in  Section  7.  The  presen- 
tation format  is  similar  to  that  used  in  AFCRL  TR  77-0078,  Duntley,  el  at.  (1977)  since  only  scattering 
coefficient  and  irradiance  data  are  included. 


2.  THEORY  AND  COMPUTATIONS 


Pie  underlying  theoretical  concepts  and  the  subsequent  computational  procedures  upon  which  the 
Visibility  Laboratory  bases  its  determinations  of  contrast  transmission  through  the  troposphere  are  well 
documented  in  our  preceding  reports.  A recent  report,  AFGl-TR- 76-0188.  "Airborne  Measurements  of 
Optical  Atmospheric  Properties  in  Northern  Germany,"  Duntley,  er  a/.  (1976)  is  an  appropriate  reference 
and  contains  a substantial  set  of  sample  applications  and  references. 

The  format  included  in  the  following  paragraphs  has  been  extracted  from  the  more  complete  descrip- 
tion contained  in  the  reference  above.  It  is  designed  to  support  only  the  selected  data  appearing  in 
Section  7 herein,  and  is  not  complete  enough  to  develop  contrast  transmittance  or  any  of  the  other  more 
directional  atmospheric  optical  properties  normally  associated  with  the  reports  in  this  series. 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 

A direct  measure  of  air  clarity  is  the  atmospheric  attenuation  coefficient  a(z).  The  parenthetical 
modifier  indicates  the  altitude  z.  The  attenuation  coefficient  is  the  sum  of  the  total  volume  scattering 
coefficient  and  the  absorption  coefficient.  If  there  is  no  absorption,  the  attenuation  coefficient  is  numer- 
ically equal  to  the  total  volume  scattering  coefficient  s(z). 

The  total  volume  scattering  coefficient  may  be  defined  by  the  equation 


s(z) 


J nU.ptdfl 

4 n 


(2.1) 


where  <r(z./9)  is  the  volume  scattering  function  at  altitude  z and  scattering  angle  p.  The  integrating 
nephelometer  used  to  make  the  total  volume  scattering  coefficient  measurements  performs  the  integral 
in  Eq.  2.1  optically.  It  utilizes  a parallel  light  beam  and  a cosine-law  collector  viewing  the  scattered 
flux.  The  instrument  is  similar  in  principle  to  one  of  four  instruments  for  measuring  total  volume  scat 
tering  coefficient  described  by  Beuttell  and  Brewer  (1949). 

BEAM  TRANSMITTANCE 

The  beam  transmittance  Tt(z,fl)  at  altitude  z,  zenith  angle  fl,  and  over  path  length  r is  obtained 
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directly  from  the  Iota  I scattering  coefficient  s(zl  by  means  of  Eg.  2.2.  (Refer  also  to  Boileau  (1904). 
p.  570.)  When  there  is  no  significant  atmospheric  absorption  in  the  passbands  of  the  measurements,  e g 
from  smoke,  dust,  or  smog,  the  attenuation  coefficient  u(z)  is  equivalent  to  the  total  volume  scattering 
coefficient  slz)  Therefore, 


n 

n 

Tr(z,d)  exp 

1 odzj  \r 

i 1 

exp 

I s (Zj)  \ r 

1 1 

where  \r  is  the  incremental  path  length.  The  summations  are  made  using  the  trapezoidal  rule.  The 
measured  total  volume  scattering  coefficient  data  are  extrapolated  to  ground  level  when  no  ground-based 
measurements  are  available.  The  extrapolation  assumes  that  the  scattering  particles  are  the  same  at 
all  altitudes,  but  decrease  or  increase  according  to  the  density  at  each  altitude  p(z): 


s (o) 


s (zt  p(o) 

p(z> 


(2.3) 


Similarly,  upward  extrapolations  are  made  to  the  highest  reported  altitude  above  ground  level  when  the 
highest  flight  altitude  is  less.  Extrapolation  in  this  case  is  based  on  the  scattering  coefficient  measured 
at  highest  flight  altitude.  The  densities  used  for  the  extrapolations  are  from  the  U S.  Standard  Atmosphere 
(1962).  The  density  at  each  altitude  is  obtained  by  truncated  Chebyshev  expansion  using  the  coefficients 
for  the  atmosphere  between  0 and  80  kilometers  |U.S.  Standard  Atmosphere  Supplements  (1966),  p.  691. 

All  altitudes  reported  are  between  ground  level  and  6.3  kilometers  maximum.  For  all  paths  of  sight 
at  zenith  angles  less  than  85  degrees  or  greater  than  95  degrees,  \r  equals  \z  seed  for  these  altitudes. 
The  \ r is  always  nonnegative  since  \z  is  defined  as  z,  z,  (the  subscripts  increase  with  the  flux 
direction).  See  Fig.  2-1.  The  \zl  used  is  30  meters  (98.4  feet).  For  zenith  angles  greater  than  95 
degrees,  the  beam  transmittance  can  also  be  expressed  as  a function  of  the  vertical  beam  transmittance 
Tf(z,  180  ) as  follows 


Tr(z.d)  Tr(z . 180  )‘  *'ct>  , (2.4) 

for  upward  paths  of  sight  for  zenith  angles  less  than  85  degrees,  the  beam  transmittance  can  similarly 
be  expressed  as  a function  of  the  vertical  upward  transmittance  Tr(0,0  ')  which  equals  T iz.180'-).  The 
computations  described  above  are  useful  in  determining  Tr  for  a variety  of  zenith  angles,  however  the 
data  included  in  Section  7 of  this  summary  report  are  restricted  to  the  vertical  path  only. 

ATTENUATION  LENGTH 

The  attenuation  length  L(z)  is  defined  as  the  reciprocal  of  the  atmospheric  attenuation  coefficient 


2-2 


kig.  2-1.  Path  Length  Geometry  lot  Steeply  Inclined  Paths  ol  Sight. 


a(z).  Therefore.  when  there  is  no  significant  absorption  it  is  also  equivalent  to  the  reciprocal  ot  the 
atmospheric  total  volume  scattering  coefficient 

1 1 

L - — (251 
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The  equivalent  attenuation  length  Lnl  is  a pseudo attenuation  length  which  when  combined  with 
its  altitude  : can  be  used  directly  in  the  equation  tBoiloau  (1964'  Eq  6 1| 


T U f1'  exp  l z Hz' I sect1 


where  9 % and  path  length  i is  between  ground  level  and  altitude  ; Combining  Eqs.  2.6  and  2.2 

and  appropriately  rearranging  the  following  expression  may  tv  obtained  foi  equivalent  attenuation  length 
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For  9 85  the  L (z)  values  should  he  interpreted  as  applvmg  to  the  obiect  altitude  with  the  sensor 

at  ground  level 

EARTH  CURVATURE  AND  REFRACTION 

For  the  paths  of  sight  at  zenith  angles  from  SKI  to  95  degrees,  the  \i  for  \z  30  meters  i98  4 
feet'  is  significantly  longer  at  ground  level  than  at  6 kilometers  due  to  the  curvature  ot  the  earth  Also 
for  upward- looking  paths  of  sight  from  85  to  9(1  degrees  the  \r  for  \z  30  meters  (96  4 feet)  is  sig 
mficantly  shorter  at  6 kilometers  than  at  ground  level  due  to  the  curvature  of  the  mirth  Thus  for  paths  ot 
sight  between  85  and  95  degrees  in  zenith  angle  Eqs.  2.4  and  2.6  should  not  be  used  Instead  Eq  2.2 
should  be  used  with  the  appropriate  \r  values 
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DOWNWELUNG  IRRADIANCE 


The  downwelling  irradiance  on  a horizontal  flat  plate  may  be  defined  by  the  equation 


H(z.d)  a J N(z,f)\  <5' ) cos  O' 


where  N(z,0‘,6‘)  is  the  radiance  at  altitude  z in  the  direction  of  zenith  angle  O'  and  azimuth  d>\ 
The  downwelling  irradiance  was  measured  by  a dual  irradiometer  which  performed  the  integration  in 
Eq.  2.8  optically  with  a cosine-law  collector.  During  the  ascents  and  descents  of  the  aircraft  when  total 
volume  scattering  coefficient  was  being  measured,  the  dual  irradiometer  was  simultaneously  measuring 
downwelling  irradiance.  The  downwelling  irradiance  provides  a quantitative  measure  of  the  ambient  flux 
levels  during  the  flight. 

UPWELLING  IRRADIANCE 

The  upwelling  irradiance  on  a horizontal  flat  plate  is  designated  by  H(z.u).  The  dual  irradiometer 
alternately  measured  upwelling  and  downwelling  irradiance  at  low,  intermediate,  and  high  altitude  during 
intervals  of  straight  and  level  flight  which  preceded  or  followed  the  ascents  and  descents. 

ALBEDO 

Albedo  A(z)  is  defined  as 


A(z)  H(z.u)  'H(z.d)  . (2.9) 

Albedos  were  determined  from  the  upwelling  and  downwelling  irradiance  measurements  made  with  the  dual 
irradiometer  during  the  straight  and  level  flight  intervals  for  each  flight. 

RELATIVE  HLW ID ITY 

The  relative  humidity  is  computed  using  the  measured  ambient  temperature,  the  measured  dewpoint 
temperature,  and  their  associated  partial  pressures  of  water  vapor.  The  relative  humidity  in  percent  is 
computed  from  the  equation 


RH  = (e.  e. ) 100  . 


where  et  is  the  saturated  vapor  pressure  at  dewpoint  or  frostpoint  temperature,  and  e%  is  the  saturated 
vapor  pressure  at  ambient  temperature.  The  saturated  vapor  pressures  over  water  and  over  ice  are  ob 
tainedfrom  List  (1966). 
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3.  INSTRUMENTATION 


The  scientific  instrumentation  utilized  for  the  Project  OPAQUE  II  task  was  basically  the  same  as 
that  reported  in  AFCRL-TR-75-0457.  Duntley,  et  al.  (1975b)  and  AFGL-TR- 76-01 88.  Duntley,  et  at.  (1976). 
Consequently,  the  descriptions  contained  herein  have  been  edited  to  include  only  those  systems  directly 
related  to  the  scattering  coefficient  and  irradiance  data.  The  total  instrumentation  package  utilized  during 
the  Project  OPAQUE  II  deployment  is  illustrated  in  Fig.  3-1  and  Fig.  3-2. 

3.1  RADIOMETRIC  SYSTEMS 


Of  the  seven  different  types  of  radiometric  collector  assemblies  mounted  on  board  the  aircraft, 
only  two  have  their  descriptive  summaries  included  in  this  report,  the  integrating  nephelometer  and  the 
dual  irradiometer. 

INTEGRATING  NEPHELOMETER  (NEPH)  ASSEMBLY 

In  order  to  measure  and  evaluate  the  total  volume  scattering  coefficient  for  typical  real  aerosols, 
the  Visibility  Laboratory  has  devised  and  built  an  instrument  referred  to  as  an  integrating  nephelometer. 
The  basic  structure  of  the  device  consists  of  the  subassembly  illustrated  in  Fig.  3-3  and  an  enclosing 
light  tight  box.  In  the  airborne  version,  ram  air  driven  by  the  aircraft's  forward  velocity  is  routed  through 
the  box  via  four  one-inch  diameter  inlet  tubes  and  four  one  and  one-half-inch  diameter  exhaust  tubes. 

In  its  operational  mode,  the  integrating  nephelometer  measures  the  radiant  flux  scattered  by  the 
transient  aerosol  as  it  passes  through  the  geometrically  well  defined  flux  beam  from  a high  intensity 
projector.  The  scattered  flux  is  sequentially  collected  through  one  of  three  different  optical  channels: 
two  telescopes,  each  having  2-degree  circular  fields  of  view  oriented  to  collect  the  flux  scattered  in  the 
£*30°  and  j8=150°  directions,  and  one  2n  irradiometer  assembly  oriented  to  collect  the  flux  scattered 
in  all  scattering  angles  between  p = 5°  and  p = 172.5°.  From  these  measurements  plus  the  measurement 
of  a well  defined  calibration  flux  level,  the  directional  scattering  functions  a(30°)  and  a ( 1 50° ) and  the 
total  volume  scattering  coefficient  s may  be  derived. 

In  its  simplest  form,  the  equation  which  is  used  to  compute  the  total  volume  scattering  coefficient  is 

.HK 


s = . (3  1) 
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Fig.  3-3.  Artist’s  Rendition  of  Modified  Integrating  Nephelometer. 


where 


,H  is  the  flux  scattered  from  the  beam  and  collected  by  the  instrument's  irrad- 
iometer  channel  while  in  the  operational  mode,  and 

rH  is  the  flux  reflected  from  a diffusely  reflecting  calibration  plaque  and  col- 
lected by  the  irradiometer  channel  while  the  instrument  is  in  the  calibration 
mode. 

The  constants  K and  F are  rather  extensive  integral  expressions  which  relate  the  geometry  of  the 
scattering  volume  with  respect  to  the  irradiometer  cap  location,  the  irradiance  distribution  in  the  flux 
beam,  the  transmittance  and  reflectance  characteristics  of  the  collector  cap  and  calibration  plaque,  and 
the  most  probable  shape  of  the  scattering  function  associated  with  the  sample  aerosol. 

The  ratio  K'F  for  the  airborne  integrating  nephelometer  has  been  computed  using  the  Rayleigh 
volume  scattering  function  and  a set  of  ten  additional  volume  scattering  functions  representative  of  a 
broad  range  of  real  atmospheres  as  determined  from  Barteneva  (1960).  Using  the  in-flight  measured  values 
of  or(30°)  and  0(150°)  from  the  nephelometer,  the  most  probable  scattering  function  for  the  sample 
aerosol  can  be  selected,  and  the  appropriate  K/F  factor  applied.  It  is  the  application  of  this  procedure 
for  determining  the  most  probable  scattering  function  from  measured  data,  and  applying  this  supplementary 
knowledge  of  the  character  of  the  sample  aerosol  as  a correction  to  the  measurement  for  total  scattering 
coefficient  which  makes  this  instrument  unique  and  potentially  superior  for  research  applications. 


The  mechanical  and  optical  configurations  of  the  integrating  nephelometer  utilized  on  the  OPAQUE  II 
deployment  have  changed  from  those  reported  in  AFCRL- 70-0137,  Duntley,  et  at.  (1970a).  The  basic  change 
is  that  the  projector  beam  has  been  optically  folded  by  inserting  a plane  mirror  into  the  beam  between 
the  projector  and  the  beginning  of  the  scattering  volume.  This  optical  folding  has  enabled  the  shortening 
of  the  mechanical  frame  and  housing  such  that  the  entire  assembly  can  be  enclosed  in  an  aerodynamic 
shroud.  The  modified  nephelometer  is  illustrated  in  AFCRl -TR- 75-0-157,  Duntley,  et  at.  (1975b).  The  oper- 
ating characteristics  of  the  revised  nephelometer  were  discovered  to  suffer  from  stray  light  problems 
during  the  post  deployment  analysis  of  the  OPAQUE  II  data,  and  further  modification  was  accomplished 
subsequent  to  its  return  to  the  Laboratory.  No  further  evidence  of  stray  light  contamination  has  been 
observed. 

The  modified  nephelometer  is  enclosed  in  the  modified  radome  shown  on  top  of  the  aircraft  in  Fig. 
3-1,  and  an  artist's  rendition  of  the  modified  arrangement  of  the  internal  subassemblies  is  illustrated 
in  Fig.  3-3. 

DUAL  IRRADIOMETER  (Dl)  ASSEMBLY 

The  dual  irradiometer  assembly  is  a two-channel  irradiometer.  It  has  two  optical  input  channels 
but  only  one  optical  output.  A rotating  prism  subassembly  allows  the  system  operator  to  select  either 
input  channel  for  optical  coupling  with  the  output  channel,  while  simultaneously  occulting  the  other. 
Tire  resultant  time  sharing  of  a single  detector  assembly  yields  a device  optimized  for  ratio  type  mea- 
surements. 

The  flat  plate  diffuse  collector  surfaces  used  in  this  assembly  are  mechanically  corrected  to  yield 
cosine  collection  characteristics  between  0 and  90  degrees  which  are  within  t2  percent  of  true  cosine  for 
all  angles  of  incidence  between  0 and  80  degrees. 

The  dual  irradiometer  assembly  is  mounted  on  the  aircraft  wingtip  so  that  the  flat  plate  collectors 
are  horizontal  during  normal  straight  and  level  (ST&LV)  flight  elements.  In  this  configuration  the  upper 
channel  receives  radiant  flux  from  the  entire  hemisphere  above  the  aircraft,  and  the  lower  channel  re- 
ceives radiant  flux  from  the  entire  hemisphere  below  the  aircraft.  These  measurements  of  downwelling 
and  upwelling  irradiance  can  be  used  both  in  the  calculation  of  directional  terrain  reflectances  and  in 
intersystem  data  validation  checks. 


3.2  METEOROLOGICAL  SYSTEMS 

All  of  the  meteorological  systems  utilized  in  this  project  were  purchased  items;  the  operating 
characteristics  of  each  are  available  in  the  appropriate  manufacturer's  brochures.  For  use  in  Project 
OPAQUE  II,  the  meteorological  systems  were  unchanged  from  the  configurations  reported  in  AFCRL-72 
0593,  Duntley,  et  at.  (1972c). 

The  airborne  meteorological  package  consisted  of  one  Royco  Model  220  particle  counter,  one  Cam- 
bridge Model  137-C3  aircraft  hygrometer  system,  one  AN  AMO  17  aerograph  set.  and  two  Bourns  aneroid 
pressure  transducers. 


Since  all  of  the  meteorological  systems  were  described  in  AFCRL- 72-0255,  Duntley,  et  al.  (1972a) 
and  AFCRL-72-0593,  Duntley,  et  al.  (1972c),  no  further  discussion  is  included  in  this  report. 


3.3  CONTROL  AND  COMMUNICATION  SYSTEMS 

The  basic  control  panels,  consoles,  and  other  support  facilities  associated  with  the  airborne  instru- 
ment system  are  described  fully  in  AFCRL-70-0137,  Duntley,  et  al.  (1970a)  and  the  updated  configurations 
are  reported  in  AFCRL-72-0593,  Duntley,  et  al.  (1972c). 


3.4  PHOTOGRAPHIC  SYSTEMS 

Photographic  documentation  of  the  test  environment  performed  simultaneously  with  the  radiometric 
and  meteorological  measurements  has  alv./ays  been  a highly  desirable  adjunct  to  any  field  activity.  For 
Project  OPAQUE  II,  this  photographic  capability  was  accomplished  by  the  Visibility  Laboratory  through 
the  use  of  two  camera  systems . 

AIRBORNE  AUTOMAX  G-1  CAMERA  SYSTEM 

Two  35-millimeter  Automax  G-1  cameras,  modified  to  accept  Traid  735  Periphoto  (180-degree)  lenses, 
were  mounted  on  the  project  aircraft  (Fig.  3-1).  One  camera  was  oriented  to  photograph  the  2 n upper 
hemisphere  and  the  other  covered  the  2n  lower  hemisphere.  Either  or  both  cameras  may  be  run  in  either 
cine  or  single-frame  modes  at  the  discretion  of  the  operator. 

The  photographs  from  these  cameras  are  used  only  as  general  background  for  the  interpretation  of 
the  radiometric  measurements.  Thus,  no  special  controls  are  placed  upon  the  film  or  its  processing.  For 
this  general-purpose  application,  the  cameras  are  normally  loaded  with  Kodak  Ektacolor  Professional  S. 
No.  5026  film.  Typical  photographs  from  this  system  are  used  as  illustrations  in  Section  7 of  this  report 
and  were  shot  with  a fixed  f6.3  aperture  in  the  single-frame  mode. 

GROUND-BASED  SOLIGOR  SYSTEM 

The  ground-site  documentation  photographs  have  historically  been  limited  to  35-millimeter  color 
snapshots,  taken  on  a casual  basis  during  lulls  in  the  experimental  sequences.  For  Project  OPAQUE  II 
this  procedure  was  supplemented  with  a scheduled  routine  of  site  photographs  using  a Soligor  Conversion 
Fisheye  lens.  This  lens  possesses  almost  universal  adaptability  to  a wide  variety  of  cameras  and  prime 
lenses.  During  Project  OPAQUE  II  it  was  used  on  a Yashica,  Lynx  1000. 

3.5  RADIOMETRIC  CALIBRATION  PROCEDURES 

All  the  radiometers  used  in  this  project  are  calibrated  in  essentially  the  same  manner.  In  each  case, 
the  system  is  calibrated  first  by  determining  its  relative  flux  versus  high  voltage  characteristics  over  the 
anticipated  operating  span  and  second  by  establishing  known  absolute  flux  levels  on  this  voltage  curve. 
The  entire  calibration  procedure  is  conducted  by  using  standard  photometric  practices,  a 3-meter  optical 
bench,  and  incandescent  standards  of  luminous  intensity  traceable  to  the  National  Bureau  of  Standards. 
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A detailed  discussion  of  those  calibration  procedures  is  contained  in  AFCRL-70-0137,  Duntley, 
et  .»/.  (1970a),  AFGLTR- 76-01 88,  Duntley,  et  til.  (1976),  and  most  of  the  intervening  reports  in  this  series 
The  discussion  therefore  will  not  be  repeated  herein. 


A typical  data  sheet  for  the  absolute  calibration  of  a Project  OPAQUE  II  radiometer  is  shown  in 
Fig.  3 4.  Five  different  levels  of  input  radiance  are  used  in  the  determination  of  the  calibration  constant 
for  the  system.  Tire  calibration  constant  is  referred  to  as  the  zero  scale  value  and  is  labeled  ZSV  on 
the  calibration  forms. 

CALIBRATION  CORRECTION  FACTORS 

Several  calibration  correction  factors  are  used  with  the  calibration  data  illustrated  in  Fig.  3-4  to 
generate  the  calibration  constants  listed  in  Table  3.1.  In  general,  the  factors  are  used  at  will  to  convert 
radiometric  units  into  photometric  units  and  reconvert  them,  and  to  adjust  the  value  of  measurements 
taken  with  an  instrument  having  a nearly  standard  spectral  response  to  the  value  that  would  have  been 
obtained  using  the  exact  standard  spectral  response  specified  in  Section  3.6. 
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Fig.  3-4.  Typical  Absolute  Calibration  Form. 


3-6 


These  correction  factors  are  discussed  at  length  in  AFCRL  70-0137  and  AFCRL  72-0461,  Duntley. 
el  <»/.  (1970a  19726),  Thus,  they  are  not  discussed  further  at  this  time. 

3.6  STANDARD  RESPONSE  CHARACTERISTICS  FOR  BROAD  BAND  SENSORS 

All  the  radiometric  instruments  both  ground-based  and  airborne  used  by  the  atmospheric  visibility 
branch  are  equipped  with  automatic  filter  changing  assemblies.  Thus,  any  one  of  five  different  spectral 
filters  can  be  interposed  into  each  instrument's  optical  path.  The  combination  of  the  sensor  sensitivity 
and  the  filter  transmittance  Ty  is  the  resultant  sensitivity  of  the  filtered  phototube  S^T^.  The  stan- 
dard responses  which  each  optical  system  attempts  to  duplicate  are  indicated  as  SyT,\,  and  are  illus- 
trated in  Table  3.3,  No  system  has  true  photopic  response,  Filter  Code  9,  but  this  ideal  response  is 
included  for  comparative  purposes  only. 

A summary  of  the  response  characteristics  of  the  standards  for  Proiect  OPAQUE  II  is  presented  in 
Table  3.2.  The  first  four  columns  give  filter  code,  peak  wavelength,  and  response  area,  terms  which  are 
fully  defined  in  preceding  reports  such  as  AFGL-TR  76-0188,  Duntley,  et  <il.  (1976).  The  values  for  inher- 
ent solar  properties  are  in  columns  5,  6,  and  7,  and  the  Rayleigh  limits  are  in  columns  8,  9,  and  10.  The 
table  was  produced  t>y  Program  RAYLIMIT. 

Table  3.1 


Project  OPAQUE  II 

Radiometer  Calibration  Constants  (ZSV)  and  Related  Fractional  Standard  Deviations  ((S)  For  Daylight  Flights 


Radiometer  Utentitication 

C.alit> 

Mode 

Calit> 

Units 



Filter 

Filtei  3 

Filter  5 

Average 

Percent 

♦or  System 

System 

mpi  sn 

ZSV 

,s% 

ZSV 

,S% 

ZSV 

ZSV 

Nr  PHI  i. 

21253 

Out 

w m *um 

2 001  02 

i 

o m 03 

4 

3 88L  02 

1 

4.  JOE  01 

2 

NlPHl  /GO 

21253 

Out 

a 

1 76E  02 

1 

/ 25E  03 

i 

4.38E  02 

0 00E  01 

2 

Dl 

986 1 

111 

a m *u  m 

3 41E  *04 

7 

8 73E  ♦ 03 

3 

2 24E  * 04 

4 

1 .60E  * 04 

3 

4 

Table  3.2 


Spectral  Characteristics  Summary  for  Project  OPAQUE  II 


Stiectrril  Characteristics  for  Protect  OPAOUF  II 

Inherent  Sun  Properties 

(Johnson  I 

Ray  leigh  Atmosphere  Proper tit*s  (15  ('> 

Filter 

■ 

Peak 

Mean 

Response 

Radiance  (A  Om'Vml 

Attenuation 

Total  Scattering 

Vertical 

Code 

Wavelength 

Wavelength 

Area 

Irradiance 

Length 

Coefficient 

Beam 

No 

(nm) 

(nm) 

(nm) 

ivv  in  Vm) 

Aveiage 

Center 

(ml 

(per 

m) 

Transmittance 

475 

478 

19.9 

2 14E  *03 

3 13E  *0  7 

4 07E  ♦ 07 

4 84E  ♦ 04 

2.07E 

05 

0 839 

3 

660 

664 

30.2 

1 57E  ♦ 03 

2 30E  *07 

2 7SE * 07 

1 86E  * 05 

5 41E 

06 

0 955 

4 

550 

557 

78.5 

1 OOF  ♦ 03 

2 78F  ♦ 07 

3.47E  r07 

8 93E  * 04 

f I5E 

05 

0 907 

5 

750 

765 

50  4 

1 23E  ♦ 03 

1 80E  * 07 

2. 10E  » 07 

3 28F  • 06 

3 08E 

06 

0 974 

6 

440 

532 

183  5 

1 91E  *03 

2 80E  • 07 

3.65E  r 07 

7 22t  * 04 

1 64E 

05 

0 867 

9 



555 



560 

106.9 

1 89F  ♦ 03 

2 77E  ♦ 07 

3.4l>i.  *07 

9 22E * 04 

1.15E 

05 

0 907 

I 
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Table  3.3 


Relative  Spectral  Response  of  Standards  for  Proiect  OPAQUE  II 


Fi Iter  Identitication  and  Mean  Wavelength 

1 

Filter  Identification  and  Mean  Wavelength 

No  2 

No  3 

No  4 

No  5 

No  6 

No  9 

No  2 

No  3 

No  4 

No  5 

No  6 

No  9 

Wave 

Pseudo 

Ttue 

Wave 

Pseudo 

Tiue 

length 

Blue 

Red 

Photopic 

NIR 

S 20 

Photopic 

length 

Blue 

Red 

Pholopic 

NIR 

S 20 

Photopic 

inmt 

4?8nm 

664nm 

55?  nm 

765nm 

532nm 

560  nm 

pirn) 

478nm 

664  nm 

557  nm 

?65nm 

532  nm 

400 

0 

0 

0 

0 

0 

0 0004 

615 

0 

0 

0 1680 

0 

0 4500 

0 4412 

405 

0 

0 

0 

0 

0 0129 

0 0006 

620 

0 

0 

0 1300 

0 

0 4390 

0 3810 

410 

0 

0 

0 

0 

0 0258 

0 0012 

625 

0 

0 

0 1055 

0 

0 4260 

0 3210 

415 

0 

0 

0 

0 

0 2969 

00022 

630 

0 

0 

0 0810 

0 

0 4130 

0 26  SI 

420 

0 

0 

0 

0 

0 5680 

0 0040 

635 

0 

0 0020 

0 065? 

0 

0 3935 

0 2170 

425 

0 

0 

0 

0 

0 7605 

0 0073 

640 

0 

0 0486 

0 0504 

0 

0 3740 

0 1750 

430 

0 

0 

0 

0 

0 9530 

0 0116 

645 

0 

0 1798 

0 041  1 

0 

0 3545 

0 1382 

435 

0 

0 

0 

0 

0.9765 

0 0168 

650 

0 

0 5531 

0 0318 

0 

0 3350 

0 10?!? 

440 

0 

0 

0 

0 

1 0000 

0 0230 

655 

0 

0 9948 

0 0268 

0 

0 3190 

0 0816 

445 

0 

0 

0 

0 

0 9920 

0 0298 

660 

0 

1 0000 

0 0218 

0 

0 3030 

0 0610 

450 

0 

0 

0 

0 

0 9840 

0 0380 

66  h 

0 

0 942! 

0 0188 

0 

0 2845 

0 0446 

455 

0 

0 

0 

0 

0.9720 

0 0480 

6/0 

0 

0 8625 

0 0157 

0 

0 2660 

0 0320  ! 

460 

0 0070 

0 

0 

0 

0 9600 

0 0600 

675 

0 

0 7482 

0 0139 

0 

0 2 480 

0 0232 

465 

0 1487 

0 

0 

0 

0 9510 

0 0739 

680 

0 

0 4774 

0.0120 

0 

0 2300 

0 0170 

470 

0 8481 

0 

0 

0 

0 9420 

0 0910 

685 

0 

0 1585 

0 0105 

0 

0 2105 

0 0119 

475 

1 0000 

0 

0 0172 

0 

0 9355 

0 1126 

690 

0 

0 0495 

0 0090 

0 

0 1910 

0 0082 

480 

0 9329 

0 

0 0343 

0 

0 9290 

0.1390 

695 

0 

0 0166 

0 0080 

0 

0 1755 

0 005? 

485 

0 8304 

0 

0 06  7 7 

0 

09P5 

0.1693 

700 

0 

0 

0 0070 

0 

0 1600 

0 0041 

490 

0 1790 

0 

0 1010 

0 

0 9060 

0 2080 

705 

0 

0 

0 0061 

0 

0 1445 

0 0029 

495 

0 0292 

0 

0 1185 

0 

0 8920 

0 2586 

710 

0 

0 

0 0053 

0 

0 1290 

0 0021 

500 

0 

0 

0 1360 

0 

0 8780 

0 3230 

715 

0 

0 

0 0048 

0 

0 1170 

0 0015 

505 

0 

0 

0 26  3 5 

0 

0 8560 

0 4073 

720 

0 

0 

0 0042 

0 

0 1050 

0 0010 

510 

0 

0 

0.3910 

0 

0 8340 

0 5030 

725 

0 

0 

0 0038 

0 1005 

0 0938 

0 000' 

515 

0 

0 

0 5085 

0 

0 8135 

0 6082 

730 

0 

0 

0 0033 

0 2010 

0 0826 

0 0005 

520 

0 

0 

0 6260 

0 

0 7930 

0 7100 

735 

0 

0 

0 0030 

0 4155 

0 0723 

0 0004 

525 

0 

0 

0 7345 

0 

0 77)5 

0.7932 

740 

0 

0 

0 0026 

2 6300 

0 0619 

0 0003 

530 

0 

0 

0 8430 

0 

0 7500 

0 8620 

745 

0 

0 

0 0025 

0 8150 

0 0558 

0 0002 

535 

0 

0 

0 9065 

0 

0 7250 

0 9149 

750 

0 

0 

0 0023 

l 0000 

0 049’ 

0 0001 

540 

0 

0 

0 9700 

0 

0 7000 

0 9540 

755 

0 

0 

0 0020 

0 9595 

0 0416 

0 0001 

545 

0 

0 

0 9850 

0 

0 6785 

0 9803 

760 

0 

0 

0 0018 

0 9190 

0 0335 

0 0001 

550 

0 

0 

1.0000 

0 

0 6570 

0 9950 

765 

0 

0 

ooor 

0 8495 

0 0292 

0 

555 

0 

0 

0 9665 

0 

0 6385 

1 0002 

770 

0 

0 

0.0016 

0 7800 

0 0249 

0 

560 

0 

0 

0 9330 

0 

0 6200 

0 9950 

775 

0 

0 

0 0014 

0 6620 

0 0206 

0 

565 

0 

0 

0 8685 

0 

0 6030 

0 9786 

780 

0 

0 

0 0013 

0 5440 

0 0162 

0 

570 

0 

0 

0 8040 
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4.  DATA  COLLECTION  METHODS 


During  Project  OPAQUE  II,  two  independent  activities  were  maintained  simultaneously.  The  opera- 
tion of  the  airborne  instrument  system  was  one  activity  and  that  of  the  ground-based  instrument  system 
was  the  other.  The  procedural  routine  was  for  each  system  to  run  full  data  collection  sequences  at  every 
opportunity,  on  a daily  schedule,  as  weather  permitted. 

4.1  AIRBORNE  SVSTEM 

The  data  collection  sequence  for  the  airborne  system  was  broken  into  five  standardized  elements: 

1 1 ) pref light  warmup  and  calibration  check.  (2)  straight  and  level  sequences.  (3)  vertical  profile  sequences, 
(4)  in-flight  calibration  checks,  and  (5)  post-flight  calibration  check. 

An  illustration  of  our  typical  flight  pattern  which  was  used  for  most  OPAQUE  II  flights,  is  shown 
in  Fig.  4-1.  In  this  stylized  pattern,  two  basic  elements,  the  straight  and  level  (ST&LV)  and  the  vertical 
profile  (V-PRO),  are  combined  to  yield  the  total  mission  flight  plan.  A description  of  these  two  pattern 
elements  and  the  calibration  elements  is  detailed  in  AFCRL- 72-0255,  Duntley,  et  at.  (1972a),  modified 
in  AFCRL-TR-75-0457,  Duntley,  et  at.  (1975b),  and  summarized  with  the  exception  of  the  pre-  and  post- 
flight  checks  in  the  following  paragraphs. 

1.  Straight  and  Level  runs  (ST MV),  Mode  03  The  ST&LV  runs  are  primarily  2rr  scanner  runs. 
The  measurement  of  upper  and  lower  hemisphere  radiance  distributions  has  top  priority.  One 
sky  mode  scanner  pattern  (192  seconds)  plus  one  sun  mode  scanner  pattern  (64  seconds)  are 
run  at  each  altitude  with  each  of  the  two  optical  filters. 

During  ST&LV  runs  the  aircraft  should  maintain  a fixed  heading,  a constant  indicated  air- 
speed of  150  knots  or  less,  and  a 2'j-degree  nose-high  flight  attitude. 

2.  Vertical  Profile  runs  (V  PRO),  Mode  07  - The  V-PRO  runs  are  primarily  integrating  nephelometer 
and  variable  path  function  meter  runs.  The  measurement  of  the  total  scattering  coefficient  profile 
has  top  priority.  Second  priority  is  measurement  of  the  vertical  path  function  profile.  Each  V-PRO 
ascent  or  descent  is  made  using  a single  filter. 

During  the  V PRO  runs  the  aircraft  should  maintain  a fixed  heading,  with  the  sun  off  the 
left  wingtip,  and  a flight  attitude  not  exceeding  4 degrees  nose  down  or  8 degrees  nose  up. 
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An  average  rate  of  climb  or  descent  of  1200  feet/minute  is  optimum,  and  airspeed  is  not  critical, 
but  should  remain  constant  once  established. 

Cross-Calibration  Climbs  (X-CAL),  Mode  08  - The  X-CAL  climbs  are  specifically  designed  to 
validate  the  performance  of  the  UHS,  LHS,  and  ERT  radiometer  systems.  The  simultaneous  mea- 
surement of  a common  uniform  segment  of  sky  by  these  three  radiometers  has  top  priority.  Two 
X-CAL  climbs  are  associated  with  each  standard  profile,  one  preceding  the  first  ST&LV  run  and 
the  second  following  the  last  ST&LV  run.  Both  sky  mode  and  sun  mode  measurements  are  made 
with  the  UHS  system. 


During  the  4-minute  X-CAL  climb  the  aircraft  should  maintain  a fixed  heading,  with  the 
sun  in  the  aft  hemisphere,  and  a 5-degree  nose-high  flight  attitude.  The  aircraft  should  be  flown 
directly  toward  the  clearest  and  most  uniform  portion  of  the  sky  as  practical. 

4.  Calibration  Blocks  (A/D  CAL),  Mode  00,  M-CAL,  Mode  01,  N-CAL,  Mode  09  — The  32-second 
blocks  of  calibration  data  are  inserted  periodically  throughout  the  entire  data  mission.  They 
are  designed  to  provide  calibration  update  information  to  the  post-flight  computer  processing 
sequences.  There  are  21  assorted  calibration  blocks  associated  with  each  (2  + 4)  profile. 

During  these  calibration  blocks  there  are  no  project- imposed  requirements  upon  aircraft 
speed  or  attitude. 


GENERAL  FLIGHT  PATTERN 


The  standard  (2  + 4)  profile  is  illustrated  in  Fig.  4-1.  In  this  profile,  ST&LV  data  runs  are  made 
using  two  different  spectral  filters  at  each  of  four  altitudes.  The  ascent  V-PRO  is  made  using  the  first  of 
the  two  filters,  and  the  descent  V-PRO  is  made  using  the  second.  After  the  descent  V-PRO,  the  entire 
sequence  is  repeated  using  a second  pair  of  filters. 

The  idealized  flight  profile  would  result  in  all  ground  tracks  falling  on  a single  line  running  between 
the  Initial  Point  (I.P.)  and  the  Turning  Point  (T.P.).  See  Fig.  4-1.  In  practice,  the  ST  & LV  elements  are 
actually  stacked  in  a slab  of  atmosphere  approximately  30  miles  long,  0.5  mile  wide,  and  4 miles  high. 

Periodically,  in  response  to  specialized  data  requirements  or  weather  conditions,  supplementary 
flight  patterns  are  added  to  the  mission  profile.  For  OPAQUE  II,  many  different  patterns  were  used  in 
addition  to  the  standard  (2  + 4)  profile.  A pattern  made  up  of  a (2  + 3)  profile,  i.e.,  two  spectral  f i I tors 
at  each  of  three  altitudes,  was  used,  as  was  a (2  + 2)  profile,  i.e.,  two  spectral  fi Iters  at  each  of  two 
altitudes.  In  addition  a (1  + 4)  and  a (1+2)  profile  were  used,  i.e.,  one  spectral  filter  at  four  and  two 
altitudes,  respectively.  Two  of  the  12  flights  had  complete  V-PRO  data  runs,  but  only  partial  ST  & LV 
data  sets. 


At  the  conclusion  of  each  mission,  the  radiometric  data  which  were  recorded  and  stored  on  magnetic 
tape  were  returned  to  the  Visibility  Laboratory  for  computer  reduction  and  analysis. 


4.2  GROUND-BASED  SYSTEM 


The  ground-based  data  collection  sequence  was  designed  to  supplement  the  airborne  data  whenever 
the  aircraft  was  operating  in  the  immediate  vicinity.  However,  it  is  also  complete  enough  to  stand  alone 
when  the  aircraft  mission  is  diverted  or  aborted. 

During  the  OPAQUE  II  deployment,  only  the  fly-away  Contrast  Reduction  Meter  (CRM)  kit  was  avail- 
able as  a ground  station.  The  primary  function  of  the  CRM  system  is  to  determine  the  earth- to-space  beam 
transmittance  for  comparison  with  the  data  from  the  airborne  systems.  The  basis  for  the  measurement 
techniques  utilizing  the  CRM  was  first  presented  by  Gordon,  et  at.  (1963)  and  validated  by  Duntley,  et  at. 
(1964).  It  is  also  discussed  in  Edgerton  (1967)  and  summarized  in  Gordon,  et  at.  (1973).  A similar  con- 
figuration of  the  device  is  described  in  Duntley.  et  at.  (1970b). 

The  operational  and  computational  procedures  related  to  the  CRM  system  are  described  in  detail  in 
Duntley,  et  at.  (1972b),  and  briefly  summarized  in  the  following  paragraph. 

Four  basic  measurements  using  the  CRM  are  required  in  order  to  provide  proper  inputs  to  the  com- 
putation of  earth- to- space  universal  contrast  transmittance.  They  are: 

1.  Apparent  Solar  Radiance. 

2.  Path  Radiance,  i.e..  Sky  Radiance,  at  an  appropriate  scattering  angle  from  the  sun. 

3.  Total  Downwelling  Irradiance. 

4.  Inherent  Background  Radiance,  i.e.,  generally  a selected  terrain  radiance. 

Since  the  CRM  is  conceived  as  a clear  day  system,  requiring  clear  skies,  its  daily  data  collection 
schedule  was  often  cut  short,  or  aborted  by  poor  weather  during  the  OPAQUE  II  deployment.  Under  highly 
variable  weather  conditions,  priority  is  assigned  to  measurements  of  apparent  solar  radiance  in  order  to 
retrieve  a maximum  number  of  determinations  for  atmospheric  beam  transmittance.  These  measurements  are 
recorded  manually  for  subsequent  insertion  into  the  automatic  data  processing  and  evaluation  procedure. 


4-4 


5.  DATA  PROCESSING 


As  in  any  reasonably  complex,  multi-input  sampled  data  system,  there  is  a large  amount  of  data 
handling  required  before  the  scientific  analyst  ever  sees  the  package.  The  degree  of  data  processing 
sophistication  utilized  during  this  contract  interval  is  illustrated  in  Fig.  5-1  and  5-2.  In  these  generalized 
flow  charts,  the  basic  functional  steps  used  in  the  data  processing  of  the  raw  field  data  are  clearly 
specified.  They  do  not  illustrate,  however,  all  of  the  miscellaneous  routines  used  for  data  base  manage- 
ment and  special  diagnostic  purposes.  A more  complete  description  of  each  phase  of  the  processing 
sequence  is  contained  in  AFCRL- 72-0255.  AFCRL-72-0593,  Duntley,  et  al.  (1972a  and  c),  and  AFCRL-TR- 
75-0457.  Duntley.  et  at.  (1975b). 


5.1  AIRBORNE  DATA 

As  described  in  AFCRL-72-0255,  Duntley,  et  al.  (1972a),  several  classes  of  data  are  recorded  during 
an  airborne  data  set:  (1)  radiometer  outputs,  (2)  selector  control  codes.  (3)  transducer  orientation  and 
flight  attitude  signals,  and  (4)  calibration  voltages,  etc.  All  systems,  regardless  of  type,  have  been 
designed  for  an  electrical  output  between  0 and  1 1 volt  dc  for  full  scale.  The  42-channel  data  logger  has 
a least  count  of  t 1 millivolt  and  records  in  digital  format  at  a multiplex  rate  of  240  samples  per  second 
and  a tape  rate  of  3.56  inches  per  second  at  a recording  density  of  200  bits  per  inch. 

Several  major  improvements  to  the  airborne  data  processing  procedure  have  been  implemented  during 
the  interval  since  AFCRL-72-0593.  Duntley.  et  al.  (1972c)  and  AFCRL- TR- 75-0457  Duntley,  ef  al.  (1975b). 
The  insertion  of  these  programs  is  summarized  in  AFGL-TR- 76-0188.  Duntley.  ef  al.  (1976)  and  is  illus- 
trated in  Fig.  5-1.  These  programs,  and  the  increased  diagnostic  capabilities  that  their  usage  has  enabled, 
have  materially  improved  the  quality  of  the  upper  hemisphere  radiance  maps,  and  thus  the  quality  of  all 
subsequently  computed  optical  atmospheric  properties. 

In  order  to  produce  the  data  included  in  this  short  form  report,  it  was  not  necessary  to  run  the 
programs  illustrated  in  the  upper  portion  of  Fig.  5-1.  That  is,  those  programs  related  to  the  processing 
of  automatic  scanner  data,  MIRESCAN,  SCANTSUM,  etc.,  were  bypassed.  In  this  manner  the  AVIZC130 
runs  were  shortened  to  only  the  . . overlay  for  the  production  of  scattering  coefficient  and  beam  trans 
mittance  profiles. 
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Atmospheric  Visibility  Program  Airborne  Data  Processing  Schedule 


5.2  GROUND-BASED  DATA 

Only  the  CRM  system  was  used  for  the  collection  of  ground-based  data  and  its  output  was  manually 
recorder.!.  Due  to  the  relatively  small  quantities  of  ground  data  acquired  during  OPAQUE  II  no  automatic 
processing  has  been  required. 


5.3  CALIBRATION  DATA 

The  calibration  data  are  the  heart  of  the  data  processing  system  in  that  any  data  processed  are 
only  as  good  as  the  calibrations  applied  to  them.  The  pre-  and  post-deployment  calibration  data  are 
recorded  on  tape  in  an  effort  to  eliminate  the  human  bias  and  are  handled  in  a phased  procedure  similar 
to  that  used  in  the  general  data  processing  technique.  The  data  can  tie  recorded  on  either  the  airborne 
or  the  ground  data  logging  system.  In  an  initial  procedure,  these  data  go  through  Program  MIRECALB  or 
GRNDCALB  according  to  the  recording  system  used,  to  verify  the  electrical  quality  of  the  radiometer 
data  and  associated  monitored  parameters.  For  final  processing,  the  data  are  sorted  and  stored  in  set 
fashion. 

The  details  of  processing  the  calibration  data  according  to  the  procedure  illustrated  in  Fig.  5-2 
are  described  in  our  preceding  reports.  AFCRL- 72-0593,  Duntley.  et  at.  (1972c).  AFCRL-TR- 75-0457. 
Duntley.  et  at.  (1975a)  and  AFCRL-TR- 75-04 14  Duntley.  et  at.  (1975b).  and  will  not  therefore  be  dis- 
cussed further  herein. 


5.4  DATA  TAPES 

The  data  processing  sequences  referenced  in  the  previous  paragiaphs  produce  output  tapes  con- 
taining a broad  catalog  of  calibrated  data.  These  tapes  are  useable  as  data  inputs  to  a multiplicity  of 
diverse  problems  requiring  a knowledge  of  atmospheric  optical  properties.  To  simplify  future  retrieval, 
the  data  tape  numbers,  the  in-house  descriptions  of  the  data,  and  the  computed  properties  reported  herein 
have  been  summarized  in  Table  5.1. 
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6.  WEATHER  SUMMARY 


6.1  INTRODUCTION  AND  GRAPHICS 

Meteorological  data  available  for  analysis  included  daily  surface  and  500-millibar  charts  obtained 
from  the  Environmental  Technical  Applications  Center  (ETAC)  at  Scott  Air  Force  Base.  The  surface  and 
the  500-millibar  charts  were  for  1200  GMT  and  covered  the  Northern  Atlantic  and  western  Europe.  Northern 
hemisphere  surface  charts  for  1200  GMT  prepared  by  the  National  Oceanographic  Atmospheric  Adminis- 
tration were  obtained  from  the  National  Climatic  Center  in  Asheville.  Portions  of  these  charts  have  been 
reproduced  as  Fig.  6-1.  The  approximate  flight  track  locations  were  indicated  in  Fig.  6-1  with  the  sym- 
bol *.  Also  utilized  were  radiosonde  data  from  locations  near  each  of  the  flight  tracks,  and  tabular  data 
for  the  hourly  observations  from  nearby  weather  stations. 


Section  6.2  includes  a discussion  of  the  surface  and  500-millibar  charts  for  each  flight.  Tabular 
data  for  stations  near  each  flight  track  are  presented  in  Section  6.3. 


The  measurements  of  temperature  taken  on  the  aircraft,  and  the  computed  relative  humidity  are 
presented  in  Figs.  6-2  and  6-3.  The  temperatures  were  measured  continuously  by  an  AN/AMQ-17  aerograph 
system  described  briefly  in  AFCRL- 70-0137,  Duntley,  et  at.  (1970a)  and  more  completely  in  USNAF  TP-133. 
The  corresponding  dewpoint/frostpoint  temperatures  were  measured  using  a Cambridge  137-C3  Aircraft 
Hygrometer  System  which  is  described  briefly  in  AFCRL-72-0593,  Duntley,  et  at.  (1972c).  Unfortunately 
a faulty  amplifier  in  this  system  interposed  intermittent  spurious  signals  on  the  dewpoint  temperature 
data.  The  deletion  of  data  points  affected  by  this  fault  has  resulted  in  several  apparent  anomolies  in  the 
computed  relative  humidity  plots,  particularly  on  those  plots  representing  Flights  C-398,  C-400,  and 
C-401 . More  detailed  comment  related  to  this  problem  is  presented  in  Section  8.1.  Dewpoint  temperature 
was  not  measured  during  ffl ight  C-402  due  to  the  failure  of  the  CAM-137  system. 

The  profile  identification  symbols  used  in  Figs.  6-2  and  6-3  are  related  to  the  spectral  filter  se- 
quence during  which  the  data  were  measured;  i.e.,  the  temperature  profile  identified  with  the  Filter  2 
symbol  was  taken  during  the  same  time  interval  as  the  Filter  2 radiometric  measurements;  the  tempera- 
tures coded  as  Filter  3 were  taken  simultaneously  with  the  Filter  3 radiometric  measurements,  etc.  Table 
6.1,  abstracted  from  program  FLTDOC  listings,  summarizes  the  beginning  and  ending  times  associated 
with  each  flight  element  during  which  these  meteorological  and  radiometric  measurements  were  made. 
The  time  separations  between  profiles  are  substantial  and  should  be  carefully  considered  when  assessing 
the  temporal  stability  of  the  subject  airmass. 
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Fig.  6-2.  Temperature  Versus  Altitude  for  Twelve  Protect  OPAQUE  II  Flights. 
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Fig.  6-3.  Relative  Humidity  Versus  Altitude  for  Eleven  Project  OPAQUE  II  Flights. 
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Radiosonde  observations  for  1 200  GMT  were  available  from  sites  near  each  of  the  flight  tracks 
except  for  Flight  C-392  on  1 November  1976.  The  temperatures  fiom  the  radiosonde  station  closest  to  each 
flight  track  have  been  plotted  on  the  temperature  plots  in  Fig  6-2.  The  relative  humidities,  computed 
from  RAOB  temperature  and  dewpoint  depression  measurements  are  shown  on  the  plots  in  Fig  6 3 Tin- 
locations  of  the  radiosonde  stations  are  shown  on  the  maps  in  Section  1.  More  detailed  location  informa 
tion  as  well  as  the  station  identification  code  used  in  Figs.  6-2  and  6-3  is  included  in  Table  6.2.  Although 
the  RAOB  data  are  graphed  with  the  C-130  data,  it  should  he  remembered  that  the  two  data  sots  are  often 
remote  in  either  space  or  time.  The  geographical  separations  are  also  noted  in  the  flight  descriptions  in 
Section  7.3  and  the  time  separations  may  be  determined  by  comparing  the  flight  times  noted  in  Tables 
6.1  and  7.3  with  the  RAOB  time  of  1200  GMT 

During  each  of  the  flights  except  0-391  an  on  board  meteorologist  made  and  recorded  observations 
concerning  the  cloud  and  haze  conditions,  shadows  visibility  of  the  solar  disc,  and  slant  path  visibilities 
from  various  altitudes.  Some  of  these  observations  are  included  in  the  tables  in  Section  6.3  and  the  flight 
descriptions  in  Section  7.3.  These  in-flight  observations  have  been  very  useful  in  evaluating  and  con 
firming  the  data  recorded  by  the  airborne  instrument  systems. 
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1050 

1053 

1114 

1117 

0 

35 

C 394 

18  Nov 

1157 

1159 

1235 

1239 

1218 

1221 

1255 

1259 

1 

02 

C-395 

19  Nov 

1150 

1226 

1321 

1354 

1243 

1253 

1411 

1422 

2 

32 

C-397 

23  Nov 

1206 

1217 

1240 

1252 

1222 

1233 

1302 

1317 

t 

11 

C 398 

2 Dec 

1155 

1257 

1321 

1359 

- 

- 

1415 

1420 

'y 

25 

C-399 

3 Dec 

1234 

1241 

1129 

1202 

1245 

1250 

1225 

1230 

i 

21 

C 400 

4 Dec 

1115 

1132 

1219 

1233 

1146 

1204 

1250 

1305 

i 

50 

C-401 

5 Dec 

1052 

1154 

1247 

1355 

1212 

1227 

1414 

1428 

3 

36 

C-402 

6 Dec 

1213 

1249 

1337 

1410 

1308 

1318 

1435 

1445 

0 

32 

t ] 

; | 

! i 

1 l 

6-11 


l 


. 


L 


6.2  SYNOPTIC  CONDITIONS 

FLIGHT  C 390  ON  25  OCTOBER  1975 

The  surface  chart  for  1200  GMT  had  a stationary  front  dissipating  east  of  the  flight  area  along  the 
Goteborg-Schwerm-Schweinfurt  line.  Another  stronger  frontal  system  paralleled  and  followed  3 degrees 
west  of  this  front.  Widespread  fog  is  shown  in  advance  of  both  frontal  regions.  At  500  millibars  a high 
was  located  over  eastern  Poland  and  a trough  of  low  pressure  over  Great  Britain.  Moderate  southwesterly 
flow  was  over  the  region.  The  airmass  was  stable  maritime  polar. 

FLIGHT  C-391  ON  26  OCTOBER  1976 

The  surface  chart  for  1200  GMT  had  an  occluded  front  extending  from  a low  centered  at  58. 5N  S.0W. 
This  front  extended  east  and  southeast  through  the  North  Sea  and  central  Netherlands  then  as  a stationary 
front  through  western  Germany  and  Switzerland.  Stratus  and  ground  fog  are  prevalent  in  advance  of  the 
system.  At  500  millibars  a high  was  centered  over  southern  Sweden  with  light  southerly  winds  over 
Denmark.  The  airmass  was  stable  maritime  polar. 

FLIGHT  C 392  ON  1 NOVEMBER  1976 

The  surface  chart  for  1200  GMT  had  a weak  ridge  with  its  axis  through  eastern  Germany.  From  a 
960  millibar  low  centered  south  of  Iceland  an  occlusion  extended  east  and  southsoutheast  through  the 
western  part  of  the  North  Sea  then  as  a cold  front  south  and  southsouthwest  through  western  France  and 
northwestern  Spain  and  Portugal  into  the  Atlantic.  At  500  millibars  there  was  a low  over  western  Finland. 
A weak  gradient  prevailed  over  western  Europe  with  light  to  moderate  westerly  winds.  The  airmass  was 
stable  maritime  polar. 


Table  6.2 

Radiosonde  Station  Identification 


Flight  Nos 

Track  Identification 

Radiosonde  Station 

Range  and  Direction 
from  Track  Center 

Figs.  6-2  and  6-3 
Identification  Code 

C-390  C 391 

Rod  by 

Schleswig 

106  km  VV 

RAOB  S 

C 392  C 393 

Meppen 

Rheme  VYaldhuge 

81  km  S 

RAOB  R 

C 394  C 395 

Rodbv 

Schleswig 

1 06  km  VY 

RAOB  S 

C-397 

Meppen 

Rheme  Ualdhuge 

81  km  S 

RAOB  R 

C 398  C 399 

C 400  C 401 

C 402 

Bruz 

Biest 

200  km  UNU 

RAOB  B 
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FLIGHT  C-393  ON  2 NOVEMBER  1976 

On  the  1200  GMT  surface  chart  a 972-mi  1 1 1 bar  low  southeast  of  Iceland  was  filling  and  moving 
slowly  eastward.  A rapidly  moving  occlusion  was  along  the  Goteborg-Szczelin-Bayreuth-Turin-Cordoba  line 
and  southwesterly  to  the  Atlantic.  A trough  line  paralleled  the  front  from  the  North  Sea  to  the  Haarlem- 
Gent-Paris  line.  At  500  millibars  there  was  weak  ridging  over  Poland  and  troughing  over  Ireland  with 
moderate  westsouthwesterly  flow.  The  airmass  was  unstable  maritime  polar 

FLIGHT  C-394  ON  18  NOVEMBER  1976 

At  1200  GMT  the  surface  chart  showed  a high  centered  over  Scotland  that  covered  Britain  and  the 
Scandinavian  peninsula.  Widespread  ground  fog  and  cumulus  with  stratocumulus  were  charted  over  Scan- 
dinavia and  eastern  Europe.  There  was  also  a filling  low  in  Sicily  with  a cold  front  extending  into  Libya. 
At  500  millibars  there  was  a low  over  eastern  Poland  with  a weak  gradient  over  western  Europe.  Light 
to  moderate  northwest  to  north  flow  was  over  the  flight  region.  The  airmass  was  stable  maritime  polar. 

FLIGHT  C-395  ON  19  NOVEMBER  1976 

The  surface  chart  for  1200  GMT  had  a 1044-millibar  high  centered  in  the  Irish  Sea  which  had  strength- 
ened in  the  past  24  hours  and  was  dominating  all  of  Europe.  At  500  millibars  there  was  a trough  from 
Finland  through  Latvia  and  a high  moving  from  the  Atlantic  towards  Ireland.  Moderate  to  strong  northerly 
flow  was  over  the  region  of  the  flight.  The  airmass  was  unstable  maritime  polar. 

FLIGHT  C-397  ON  23  NOVEMBER  1976 

The  surface  chart  for  1200  GMT  showed  that  a secondary  low  had  formed  near  Leningrad  with  a 
pressure  of  992  millibars.  From  this  low  a cold  front  extended  south  and  southwest  to  another  low  cen- 
tered near  Athens.  This  low  was  partially  blocking  the  1038-millibar  high  located  at  49N  16W  from  moving 
into  Ireland  and  was  shunting  it  towards  France.  At  500  millibars  there  was  a trough  over  eastern  Latvia 
with  ridging  west  of  Ireland  that  produced  moderate  to  strong  northwesterly  flow.  The  airmass  was  un- 
stable maritime  polar. 

FLIGHT  C-398  ON  2 DECEMBER  1976 

The  surface  chart  for  1200  GMT  had  an  extensive  frontal  system  over  Europe  with  a 970-mi  1 1 ibar  low 
centered  near  Cologne.  The  cold  front  portion  of  this  system  extended  from  western  Austria  southwest 
to  northwestern  Italy  and  west  through  the  northernmost  parts  of  Spain.  This  deep  low  system  in  conjunc- 
tion with  a 1035-millibar  high  located  at  34N  32W  produced  a strong  surface  pressure  gradient  with 
resulting  strong  winds.  At  500  millibars  there  was  a low  off  Bergen,  Norway  with  a trough  extending 
southward  to  Sardinia.  The  flow  over  the  region  of  the  flight  was  strong  northwesterly.  The  airmass  was 
unstable  maritime  polar. 

FLIGHT  C-399  ON  3 DECEMBER  1976 

The  surface  chart  for  1200  GMT  had  a complex  low  over  Europe  and  the  eastern  Atlantic  with  a 


I 


f 

i*  t i a 

t i A 


6-13 


973- millibar  low  ovoi  Ireland  and  another  in  llu*  Not Ih  Son.  A cold  front,  part  of  this  systom,  extended 
from  the  Black  Son  through  the  hool  of  Italy  then  westsouthwest  to  southern  Spain  then  southwest  into 
the  Atlantic.  At  500  millibars  there  wa-  a low  in  the  North  Sea  with  the  trough  axis  southeast  to  Romania. 
Moderate  westerly  How  was  over  the  flignt  area.  The  airmass  was  unstable  maritime  point. 

FLIGHT  C-400  ON  4 DECEMBER  1976 

At  1200  GMT  the  surface  chart  had  a 970-nu llihnr  low  centered  tietween  Noiway  and  Denmark  with 
a frontal  system  southeast  into  Russia.  A secondary  low  of  987  millibars  was  centered  in  the  Adriatic 
and  had  a cold  front  extending  southwest  into  Algeria  A trough  extended  from  Marseille  to  Valencia  and 
Gibraltar.  Another  deepening  storm  center  with  accompanying  fronts  caused  all  of  the  area  north  ot  40N 
to  txi  affected  by  low  pressures.  At  500  millibars  there  was  r low  over  Denmark  with  a trough  southsouth 
westward  to  Algeria.  There  was  moderate  westnoithwest  flew  over  the  flight  region.  The  airmass  was 
unstable  maritime  polar. 

FLIGHT  C 401  ON  5 DECEMBFR  1976 

The  surface  chart  for  1200  GMT  showed  that  a complex  low  dominated  northern  Europe  and  the 
northern  Atlantic.  A OOOmilhhai  low  had  an  occlusion  onented  4 degrees  west  of  the  Irish  coast  and 
8 degrees  from  western  France.  There  was  an  open  995 millibar  low  located  near  Paris.  Some  weak  ridging 
between  the  two  lows  occurred  ovor  the  area  of  Rennes.  At  500  millibars  there  was  a low  noith  of  Bergen 
together  with  weak  ridging  off  France  and  into  southeastern  Ireland  and  Great  Britain.  This  pressure 
combination  produced  moderate  northwesterly  flow  over  the  flight  region  The  airmass  was  unstable 
maritime  point . 

FLIGHT  C 407  ON  6 DECEMBER  1976 

The  surface  chart  for  1200  GMT  had  an  extensive  storm  with  a 956  millibar  low  at  50N  12W  and  a 
970-millibar  low  at  52N  3HV.  An  occlusion  that  had  passed  through  France  was  now  along  a line  through 
the  North  Son  Luxemburg  Bordeaux  then  as  a cold  front  into  the  Atlantic.  At  500  millibars  there  was  a 
low  off  northern  Ireland  associated  with  the  surface  low  that  produced  a strong  westsouthwesterly  gradient 
and  winds  ovor  western  Europe.  The  airmass  was  unstable  maritime  polar. 

6.3  TABULAR  SUMMARY  AND  GLOSSARY 

A summary  of  the  daily  meteorological  observations  taken  at  the  weather  stations  neatest  each 
flight  track  on  the  days  during  which  data  flights  were  made  is  presented  in  Table  6.3.  A glossary  of  the 
most  often  used  symbols  is  also  included.  All  data  were  reported  in  Greenwich  Civil  Time  tGCTl  which 
is  equivalent  to  Greenwich  Mean  Time  (LTMT),  which  is  the  terminology  used  in  Table  6.1 
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METEOROLOGICAL  GLOSSARY  AND  ABBREVIATIONS 


SKY  AND  CEILING 

Sky  cover  symbols  sre  hi  ascending  order  Figures  pre 
coding  symbols  ate  heights  in  hundreds  ot  feet  above 
station  Sky  cover  symbols  are: 

( * Clear  less  than  0 I sky  cover 
r Mattered  0 I to  less  than  0 6 sky  cover 
^ Broken  0.6  to  0 9 sky  cover 

Overcast  mote  than  0 9 sky  cover 
Thin  (when  prefixed).  light  t when  suffixed) 

Very  light  l when  suffixed) 

X Partial  obscuration  0 1 to  less  than  1 0 sky  hidden 
t>y  precipitation  ot  obstiuction  to  vision  (bases 
at  surface) 

X Obscuration  1 0 sky  hidden  try  precipitation  ot 
obstruction  to  visum  (bases  at  surface) 


letter  preceding  height  of  layei  identifies  ceiling  layer 
and  indicates  how  ceiling  height  was  obtained  Thus: 

A Aircraft 

H Ha  Moon  (pilot  or  ceiling) 

0 Estimated  height  of  cirri  form  clouds  on  basis  of 
persistency 

f Estimated  height  of  nonconform  clouds 
M Measured 

H Radiosonde  balloon  or  radar 
U Height  ot  conform  ceiling  layer  unknown 

V Immediately  following  numerical  value  indicates  a 
varying  ceiling  (also  used  with  varying  visibility  > 

W Indefinite,  sky  obscured  by  surface  base  phenomenon, 
e.g.  fog.  blowing  dust,  snow 

RELATIVE  HUMIDITY  (RH) 

Reported  in  percent  ami  computed  ftom  temperature  and 
dewpoint 


VISIBILITY  (VV) 

Reported  in  kilometers 


WEATHER 

AND 

OBSTRUCTION 

TO  VISION 

SYMBOLS 

A 

Hail 

IF 

Ice  tog 

AP 

Small  hail 

K 

Smoke 

HO 

Blowing  dust 

L 

Dr  i / 2 1 e 

BN 

Blowing  sand 

R 

Ram 

BS> 

Blowing  snow 

RW 

Ram  showers 

0 

Dust 

S 

Snow 

E 

Sleet 

SG 

Snow  grams 

rw 

Sleet  showers 

Sr1 

Snow  pellets 

f 

Fog 

SYV 

Snow  showers 

Gf 

Ground  fog 

T 

Thunder  stor  ms 

H 

Ha/e 

Zl 

I tee/ing  dfijjle 

1C 

Ice  crystals 

ZH 

hee/mg  ram 

CLOUD 

ABBREVIATIONS 

•V 

Altocumulus 

l's  Cirroslratus 

As 

Altostiatus 

'u  Cumulus 

CH 

y uimilonimt*us 

Ns  Nimbostratus 

IV 

y irfiH  umulus 

Sc  Stratocomufus 

l’l 

I'.irrus 

St  Stiatus 

WIND 


Diiection  in  ten  s ot  degrees  front  true  north  in 

meters  (mu  secimd  (mps)  A 0000  indicates  calm  A 
yi  indicates  gusty  A O indicates  squall  Peak 
Speed  of  gusts  when  repotted  follows  G or  Q The 
central  st  WSHf  T in  remarks  followed  by  time  gioup 
GiMTt  indicates  wind  shift  and  its  time  of 

Examples  0109  is  010  degiees  9 mps 

3607G11  is  360  degrees  7 mps  peak 
speed  in  gusts  of  11  mps 
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7.  DATA  PRESENTATION 


7.1  AIRBORNE  DATA  AND  FLIGHT  SUMMARV 

Between  25  October  and  6 December  1 976.  thirteen  flights  were  made  in  northern  Germany.  Twelve 
of  these  flights  contain  useable  data  profiles.  Selected  data  for  these  flights  are  reported  herein. 

The  12  flights  were  conducted  in  northern  Europe  on  three  flight  tracks  in  Denmark,  France,  and 
Germany(see  Fig.  1-1).  The  latitude,  longitude,  and  altitude  of  each  flight  track  are  given  in  Table  7.1.  The 
terrain  beneath  two  of  the  flight  tracks,  those  in  Germany  and  France,  was  low  lying  and  flat,  mostly 
cultivated  farmlands.  The  flight  track  in  Denmark  was  mostly  over  water. 

The  ground  station  operated  from  1 November  to  6 December  1976  near  the  flight  tracks  in  Germany 
and  France,  but  was  not  utilized  during  the  flights  in  Denmark.  Its  location  and  dates  of  operation  are 
also  noted  in  Table  7.1. 

Table  7.1 

Location  and  Ground  Elevation  of  Flight  Tracks  and  Ground  Sites 


Field  Site 

Latitude 

— 

Longitude 

Approximate 

Ground  Elevation 

(meters) 

- 

Dates  of 
Operation 
(1976) 

- - - 

Flight  No. 

Flight  Track 

Bruz.  France 

48"01'N 

i"4rw 

46 

Dec  2,  3,  4, 

C 398,  C-399.  C 400. 

5.  6 

C-401 , C-402 

Meppen.  Germany 

53  ' OO'N 

7"38'  E 

18 

Nov  1,  2,  23 

C 392,  C 393.  C 397 

Rodby.  Denmark 

54 "41 ' N 

1 1 "08'  E 

0 

Oct  25,  26 

C 390,  C 391.  C 394. 

Nov  18.  19 

C 395 

Ground  Station 

Bruz,  France 

48"01’N 

1"45'W 

Dec  2,  3.  4 

(CELAR) 

5.  6 

Meppen,  Germany 

52' 52'  N 

7 ° 23 ' E 

Nov  1,  2,  8, 

(Erprobungsstelle  91) 



-1 

22,  23 

1 


1 
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PHOTOGRAPHIC  DOCUMENTATION 

Sky  and  terrain  conditions  encountered  during  the  data  flights  were  documented  photographically 
during  each  straight  and  level  flight  sequence,  at  each  of  several  designated  altitudes,  in  conjunction 
with  the  radiometric  measurements  made  in  each  spectral  filter.  On  sunlit  days  the  documentary  photo 
graphs  were  taken  simultaneously  with  the  measurements  made  by  the  upper  hemisphere  scanner  in  the 
sun  mode.  On  overcast  days  the  photographs  were  taken  simultaneously  with  the  measurements  of  sky 
and  teriain  radiance.  One  should  be  aware  that  while  the  photographs  are  instantaneous,  the  data  men 
surements  require  a four-minute  interval  for  completion.  In  four  minutes  the  aircraft  travels  approximately 
ten  miles. 

The  photographs  illustrating  sky  and  terrain  conditions  during  each  of  the  12  flights  have  been 
examined  and  classified  with  respect  to  discernible  cloud  conditions.  A summary  of  these  general  cloud 
and  terrain  descriptions,  augmented  by  the  descriptions  given  by  the  on-board  meteorologist,  is  presented 
in  Table  7.2. 

The  upper  hemisphere  cloud  conditions  appear  to  fall  into  three  general  categories:  (1)  scatteied  to 
broken  clouds  at  low  altitude,  but  clear  at  the  highest  altitude;  (2)  scattered  to  broken  clouds  all  alti- 
tudes; (3)  overcast. 

Photographs  illustrating  typical  sky  and  terrain  conditions  during  four  of  the  flights  reported  herein 
are  shown  in  Figs.  7 1 and  7-2.  In  each  instance,  the  picture  on  the  left  represents  the  sky  (upper  hemis- 
phere) as  seen  through  a 180-degree  lens,  and  the  picture  on  the  right  represents  the  terrain  (lower 
hemisphere).  The  photographs  were  selected  to  represent  the  conditions  encountered  at  both  the  highest 
and  lowest  flight  altitudes  during  each  of  the  four  flights. 

The  pictures  representing  Flight  C-397  (Fig.  7-2 ) illustrate  the  scattered  to  broken  clouds  at  low  alti- 
tudes and  cloud  free  at  high  altitude  conditions  of  category  one,  and  the  Meppen  flight  track  in  Get 
many.  The  underlying  terrain  was  mostly  cultivated  farmlands. 

The  pictures  representing  Flight  C-391  (Fig.  7-1)  find  C 401  (Fig.  7-2)  illustrate  the  cloud  conditions 
of  category  two.  Flight  C 391  was  over  the  Rodby  track  in  Denmark  which  was  mostly  over  water  in  the 
Femer  Bay.  Flight  C-401  was  over  the  Bruz  track  in  France,  which  was  over  heavily  cultivated  flat  farmlands 

The  pictures  representing  Flight  C-392  (Fig.  7-1)  illustrate  the  full  overcast  conditions  of  category 
three.  Flight  C 372  was  over  the  Meppen  track  in  Germany.  The  underlying  terrain  was  again  mostly  cul 
tivated  farmlands. 

RADIOMETRIC  DOCUMENTATION 

Table  7.3  contains  a summary  of  pertinent  descriptive  information  on  the  12  flights  for  which  radio 
metric  data  are  reported  herein.  The  flight  numbers  are  sequential  The  times  under  the  total  time  of  data 
taking  column  are  Greenwich  Mean  Time  (GMT)  and  Local  Civil  Time  (LCT).  The  LCT  is  equal  to  GMT  ♦ 1. 
The  sun  zenith  angles  are  tabulated  for  the  time  when  data-tnking  began,  at  the  time  of  sun  transit  (mini 
mum  sun  zenith  angle),  and  at  the  conclusion  of  the  Inst  data  taking.  The  maximum  and  minimum  flight 
altitudes  are  noted  in  columns  12  and  13. 
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Table  7.2 

Summary  of  Hemispherical  Pictures  and  In-flight  Meteorologists  Descriptions 


LOWER  HEMISPHERE 


Flight 

No 

Filter 

No 

'V-  300  Meters 

”'s-  1500  Meters 

~3000  Meters 

*■'*-  6000  Meters 

(210  - 480  Meters) 

(810  1530  Meters) 

(1980  3840  Meters) 

i 4410  6090  Melr-rs! 

C 390 

2 3 

Heavy  haze,  water 

Heavy  haze,  scattered 

Heavy  haze  scattered 

Heavy  haze  scattered 

clouds  water 

clouds 

clouds 

4.5 

Heavy  haze,  water 

Very  heavy  haze 

Very  heavy  haze 

Very  neavy  haze 

C-391* 

2 

Thick  haze  or  clouds 

Thick  haze  or  clouds 

3 

Haze,  water 

Thick  haze  or  clouds 

4 

Haze,  water 

Thick  clouds  almost 

solid  deck 

5 

Thick  haze  or  clouds 

Thick  clouds  almost 

solid  deck 

C 392 

2.3 

Moderate  haze  fields 

Moderate  haze  fields 

45 

Moderate  haze  fields 

Scattered  clouds  moderate 

haze  fields 

C-393*  ’ 



2 

Scattered  clouds,  shadows 

Scattered  to  broken  clouds 

haze  fields 

shadows,  haze  fields 

3 

Shadows  haze  fields 

Scattered  to  broken  clouds 

shadows,  haze  fields 

4 

Shadows  haze  fields 

Scattered  to  broken  clouds 

shadows  haze  fields 

5 

Shadows  haze  fields 

Scattered  clouds  shadows 

haze,  fields 

C 394 

23 

Light  haze,  water 

Light  haze  water 

4 5 

Light  haze  water 

Light  haze  water 

C 395 

2.3 

Very  light  haze  water 

Very  light  haze  water 

Very  light  haze  water  ; 

below  land  horizon 

4 5 

Very  light  haze  water 

Very  light  haze  water 

Very  light  haze  water 

below  land  horizon 

C 397” 

2 3 

Haze  scattered  clouds. 

Haze  scattered  to  broken 

fields 

clouds  fields 

4 

Haze  fields 

- 

Haze  broken  clouds  fields 

5 

Haze  fields 

- 

Haze,  broken  clouds  fields 

C-398 

2 

Very  light  haze,  fields 

Very  light  haze,  occasional 

Scattered  clouds  very 

Scattered  clouds  light 

shadow  fields 

light  haze,  fields 

haze,  fields 

4 

Light  haze  fields 

Light  haze  fields 

Light  haze  fields 

Scattered  clouds,  light 

haze  fields 

C-399 

2 3 

Light  haze  fields 

Scattered  clouds  light 

Broken  clouds  light 

- 

haze  fields 

haze  fields 

4.5 

Light  haze  fields 

Scattered  clouds,  light 

Scattered  clouds,  light 

- 

haze,  fields 

haze,  fields 

C-400" 

2 3 

Scattered  clouds,  light  to 

- 

Nearly  solid  clouds 

moderate  haze  fields 

4 

Scattered  clouds  haze 

- 

- 

Scattered  clouds  haze 

fields 

fields 

5 

Scattered  clouds  haze 

- 

- 

Scattered  clouds  haze 

fields 

fields 

C-401 

2.3 

Very  light  haze  fields 

Very  light  haze  fields 

Very  light  haze  fields 

Light  haze  fields 

4 5 

Shadows,  light  haze. 

Light  to  moderate  haze 

Some  scattered  clouds 

Scattered  clouds  light  to 

fields 

light  to  moderate  haze 
fields 

moderate  haze  fields 

C-402 

2 3 

Moderate  haze  fields 

Scattered  clouds  moderate 

Scattered  clouds  shadows 

- 

haze  fields,  shadow 

haze  fields 

4.5 

Moderate  haze  fields 

Scattered  clouds  moderate 

Scattered  clouds,  light 

- 



shadows 

haze  shadows 

haze  shadow  field 



• No  in-flight  meteorologist’s  descriptions  to  offset  uncertainty  in  photographs 
••  Most  pictures  are  from  V-Pro  flight  elements  and  thus  altitudes  are  approximate 
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Table  7.2  (cont.) 

Summary  of  Hemispherical  Pictures  and  In-flight  Meteorologists  Descriptions 


UPPER  HEMISPHERE 


Flight 

No 

Filter 

No 

' — 300  Meters 

~1500  Meters 

— 3000  Meters 

6000  Meters 

1210  480  Meiers) 

1810  1530  Meters) 

1 1980  3840  Meters  1 

14260  6090  Meters  1 

C 390 

2.3 

4 5 

Haze  no  Clouds 

Scattered  thin  clouds 

Scattered  clouds  on 
horizon 

Scattered  to  broken  thin 
clouds 

Scattered  wispy  clouds 

Scattered  to  broken  thin 
clouds 

Scattered  thin  clouds 

Scattered  to  broken  thin 
clouds 

C 391* 

2 

Clear  7 

Clear  7 

3 

Broken  clouds 

Clear  ? 

4 

Broken  clouds 

Scattered  wisps  7 

5 

Scattered  wisps  7 

Scattered  wisps  > 

C 392 

2.3 

Low  broken,  high  overcast 

Low  broken  tvgh  overcast 

4.5 

Low  broken  high  overcast 

Thick  overcast 

C 393" 

2 

Thick  overcast 

Thick  overcast 

3 

Thick  overcast 

Thick  overcast 

4 

Thick  overcast 

Thick  overcast 

5 

Thick  overcast 

Thick  overcast 

C 394 

2.3 

Thick  overcast 

Thick  overcast 

4 5 

Thick  overcast 

Thick  overcast 

C 395 

2 3 

Broken  clouds 

Broken  clouds 

Broken  to  overcast 

4.5 

Broken  clouds 

Broken  clouds 

Broken  clouds 

C 397" 

2.3 

Scattered  to  broken  thin 

Clear 

clouds 

4 

Scattered  thin  clouds 

Clear 

5 

Sc  at  ter  ihI  clouds 

Clear 

C 398 

2 

Scattered  clouds 

Scattered  clouds 

Scattered  clouds 

Scattered  clouds 

4 

Scattered  clouds 

Scattered  clouds 

Scattered  clouds 

Scattered  clouds 

C 399 

2 3 

Overcast 

Thin  overcast 

Thin  overcast 

4,5 

Thin  overcast 

Low  scattered  h»gh 

Thin  oveicast 

overcast 

C 400" 

2.3 

Scattered  low  clouds  plus 

Broken  clouds 

broken  high  clouds 

4 

Scattered  low  clouds  plus 

Broken  clouds 

broken  high  clouds 

5 

Scattered  low  clouds  plus 

Broken  clouds 

broken  high  clouds 

C 401 

2.3 

Scattered  very  thin 

Scattered  very  thin 

Scattered  very  thin 

Clear 

clouds 

clouds 

clouds 

4.5 

Scattered  thin  clouds 

Scattered  thin  clouds 

Scattered  thin  clouds 

Scatter ed  thin  clouds 

C 402 

2.3 

Scattered  clouds 

Broken  clouds 

Broken  clouds 

4.5 

Broken  clouds 

Broken  clouds 

Scattered  thin  clouds 

• No  in  flight  meteorologist's  descriptions  to  offset  uncertainty  in  photographs 
••  Most  pictures  are  from  V Pro  flight  elements  and  thus  altitudes  are  approximate 
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Table  7.3 


Flight  Data  Summary,  Including  ST&LV  and  V-PRO  Flight  Elements 


Flight 

No. 

Date 

(1976) 

Flight 

Track 

Total  Time  ot 

Data  Taking 

Filter 

Sun  Zenith  Angle 
(degrees ) 

Flight  Altitude 
meters  (AGL) 

Start 

End 

GMT 

LCT 

GMT 

LCT 

Start 

Transit 

End 

Min 

Max 

C 390 

25  Oct 

Rodby 

1230 

1330 

1425 

1525 

2,3 

69.6 

— 

79.7 

270 

6090 

1429 

1529 

1615 

1715 

4,5 

80.1 

- 

93.7 

300 

6090 

C 391 

26  Oct 

Rodby 

1119 

1219 

1144 

1244 

2 

67.4 

— 

67.9 

270 

5490 

1147 

1247 

1208 

1308 

3 

68.0 

- 

68.8 

270 

5430 

1209 

1309 

1235 

1335 

4 

68.9 

- 

70.2 

300 

5160 

1236 

1336 

1257 

1357 

5 

70.3 

- 

71.6 

840 

5100 

C 392 

1 Nov 

Meppen 

1115 

1215 

1208 

1308 

2,3 

67.6 

68.6 

420 

1410 

1212 

1312 

1253 

1353 

4.5 

68.7 

- 

71.0 

360 

1170 

C 393 

2 Nov 

Meppen 

1036 

1136 

1046 

1146 

2 

68.3 

— 

68.1 

300 

1590 

1050 

1150 

1053 

1153 

3 

68.0 

- 

68.0 

270 

1440 

1108 

1208 

1111 

1211 

4 

67.9 

- 

67.9 

360 

1380 

1114 

1214 

1117 

1217 

5 

67.9 

- 

67.9 

330 

1440 

C 394 

18  Nov 

Rodby 

1147 

1247 

1221 

1321 

2,3 

74.7 

— 

76.0 

210 

900 

1225 

1325 

1259 

1359 

4.5 

76.2 

78.3 

300 

900 

C 395 

19  Nov 

Rodby 

1150 

1250 

1319 

1419 

2,3 

75.0 

— 

79.9 

300 

4440 

1256 

1356 

1422 

1522 

4,5 

78.2 

- 

85.8 

300 

4440 

C-397 

23  Nov 

Meppen 

1202 

1302 

1257 

1357 

2,3 

74.1 

76.7 

300 

4320 

1238 

1338 

1259 

1359 

4 

75.5 

- 

76.8 

330 

4320 

1259 

1359 

1317 

1417 

5 

76.8 

- 

78.0 

300 

4320 

C 398 

2 Dec 

Bruz 

1143 

1243 

1306 

1406 

2 

70.1 

70.0 

71.8 

420 

4440 

1315 

1415 

1411 

1511 

4 

72.2 

- 

76.3 

450 

4410 

C 399 

3 Dec 

Bruz 

1013 

1113 

1250 

1350 

2,3 

73.9 

70.2 

71.2 

390 

2610 

1116 

1216 

1230 

1330 

4,5 

70.8 

70.2 

70.6 

420 

2580 

C-400 

4 Dec 

Bruz 

1029 

1129 

1204 

1304 

2,3 

73.0 

70.3 

70.3 

480 

5100 

1219 

1319 

1233 

1333 

4 

70.5 

- 

70.8 

480 

5070 

1250 

1350 

1305 

1405 

5 

71.3 

- 

72.0 

480 

5100 

C 401 

5 Dec 

Bruz 

1040 

1140 

1227 

1337 

2,3 

72.5 

70.4 

70.8 

390 

5190 

1233 

1333 

1428 

1528 

4,5 

70.9 

- 

78.2 

420 

5190 

C 402 

6 Dec 

Bruz 

1201 

1301 

1318 

1418 

2,3 

70.6 

— 

72.9 

390 

3900 



1324 



1424 



1445 

1545 

4,5 



73.2 

- 

- 

79.9 



420 



3840 

FLIGHT  C 391 
Rodby  Track 


Upper  and  Lower  Hemisphere 
270  m AGL  1208  GMT 


Upper  and  Lower  Hemisphere 
5130  m AGL  1234  GMT 


Fig.  7-1.  Typical  Sky  and  Terrain  Photographs  tor  Flights  C-391  and  C-392. 


FLIGHT  C 392 
Meppen  Track 


Upper  and  Lower  Hemisphere 
390m  AGL  1212  GMT 


Upper  and  Lower  Hemisphere 
1170m  AGL  1238  GMT 


FLIGHT  C-397 
Meppen  Track 


Upper  and  Lower  Hemisphere 
600  m AGL  1239  GMT 


Upper  and  Lower  Hemisphere 
3900  m AGL  1250  GMT 


Fig.  7-2.  Typical  Sky  and  Terrain  Photographs  for  Flights  C-397  and  C-401. 


FLIGHT  C-401 
Bruz  Track 


Upper  and  Lower  Hemisphere 
420  m AGL  1233  GMT 


Upper  and  Lower  Hemisphere 
5160m  AGL  1401  GMT 
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The  total  volume  scattering  coefficient,  equivalent  attenuation  length  and  beam  transmittance  data 
are  presented  both  tabularly  and  graphically  in  Section  7.3.  The  downwelling  irradiance  data  are  presented 
graphically  only.  All  of  the  data  are  grouped  into  sets  by  flight  number.  A detailed  description  and  report 
of  the  existing  weather  conditions  are  given  as  the  introductory  page  to  each  data  set. 

Users  should  be  alert  to  the  fact  that  the  data  collected  on  ascents  is  taken  in  two  or  three  seg- 
ments separated  in  time  by  the  straight  and  level  flight  elements.  Thus  the  consecutive  segments  of  these 
VPROS  may  be  separated  by  as  much  as  10  to  15  minutes  in  time.  At  large  solar  zenith  angles,  this  time 
gap  can  cause  apparently  anomalous  profile  appearances  as  in  the  filter  4 irradiance  plot  for  Flight  C-390. 
For  more  specific  discussion  of  these  and  other  profile  characteristics,  the  user  is  referred  to  Section  8.2. 


7.2  DESCRIPTION  OF  AIRBORNE  DATA  TABLES  AND  GRAPHS 

DATA  TABLES 

Data  are  presented  in  tables  of: 

Total  Volume  Scattering  Coefficient 

Equivalent  Attenuation  Length 

Beam  Transmittance  Between  Ground  and  Altitude 

Each  optical  property  is  tabulated  in  the  tables  as  a function  of  altitude  above  ground  level.  The 
data  are  further  divided  by  optical  filters  which  are  given  in  order  of  increasing  wavelength. 

The  tables  have  been  divided  into  two  categories  depending  upon  the  meaning  of  the  altitude  in  the 
tables,  (1)  the  variable  tabulated  by  measurement  altitude:  total  volume  scattering  coefficient,  and  (2)  the 
variables  tabulated  by  object  or  sensor  altitude  depending  on  whether  the  path  of  sight  is  upward  or 
downward:  equivalent  attenuation  length,  and  beam  transmittance. 

CATEGORY  I:  MEASUREMENT  ALTITUDE 

Total  Volume  Scattering  Coefficient.  The  total  volume  scattering  coefficient  s(z)  is  tabulated  by 
measurement  altitude  in  two  to  four  columns  for  the  optical  filters.  The  altitude  is  given  in  meters,  above 
ground  level,  at  30  meter  (98.4-foot)  increments.  The  measurement  unit  for  the  total  scattering  coefficient 
is  "nr1.”  The  extrapolated  points  above  or  below  the  actual  altitudes  of  measurement  are  indicated 
by  parentheses. 

The  first  and  last  data  altitudes  are  given  at  the  bottom  of  the  total  scattering  coefficient  table, 
These  are  the  lowest  and  highest  altitudes  of  airborne  data  measurements. 


The  total  scattering  coefficient  is  used  for  the  calculation  of  atmospheric  beam  transmittance  and 
equivalent  attenuation  length  in  the  ensuing  tables  using  the  equations  of  the  Theory.  Section  2. 
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CATEGORY  II:  OBJECT  OR  SENSOR  ALTITUDE 

These  variables  are  tabulated  by  object  or  sensor  altitude  depending  upon  whether  the  path  of  sight 
is  upward  or  downward.  For  upward  paths  of  sight  0 < 90°  the  sensor  is  at  ground  level  and  the  altitudes 
shown  in  the  table  are  the  object  altitudes.  For  the  downward  paths  of  sight  0 • 90°,  the  object  is  at 
ground  level  and  the  altitudes  in  the  table  are  the  sensor  altitudes. 

Equivalent  Attenuation  Length.  The  equivalent  attenuation  length  L(z)  is  a pseudo-attenuation 
length  which,  when  combined  with  its  altitude  z,  can  be  used  directly  in  Eq.  2.6  to  compute  beam  trans- 
mittance. The  equivalent  attenuation  length  permits  easy  calculation  of  the  atmospheric  beam  transmittance 
between  ground  level  and  altitude  z above  ground  level  for  any  downward  path  of  sight  from  95  degrees 
to  180  degrees  in  zenith  angle  or  between  altitude  and  ground  level  for  any  upward  path  of  sight  from 
0 degrees  to  85  degrees  in  zenith  angle. 

The  equivalent  attenuation  length  L(z)  is  tabulated  by  altitude  for  the  path  of  sight  between  ground 
and  the  altitude  shown  in  two  to  four  columns  for  the  optical  filters.  The  altitude  is  given  in  meters, 
above  ground  level,  at  300-meter  (984-foot)  increments.  The  unit  for  the  equivalent  attenuation  length 
is  "m." 

Beam  Transmittance  Between  Ground  and  Altitude.  The  atmospheric  beam  transmittance  is  tabulated 
for  the  vertically  upward  path  of  sight  Ti(0,01')  or  the  vertically  downward  path  of  sight  T^z.lSO0)  for 
the  path  of  sight  between  ground  and  the  altitude  shown.  The  beam  transmittance  is  computed  from  mea- 
surements of  total  scattering  coefficient.  The  assumption  is  made  that  there  is  no  significant  atmospheric 
absorption  in  the  pass  bands  of  the  measurements,  whence  the  atmospheric  attenuation  coefficient  a(z) 
is  assumed  equivalent  to  the  scattering  coefficient  s(z). 

The  vertical  beam  transmittance  is  tabulated  by  altitude  for  the  path  of  sight  between  ground  and 
the  altitude  shown  in  two  to  four  columns  for  the  optical  filters.  The  altitude  is  given  in  meters,  above 
ground  level,  at  300-meter  (984-foot)  increments.  This  property  is  dimensionless. 


DATA  GRAPHS 

Data  are  also  presented  in  graphs  of: 

Total  Volume  Scattering  Coefficient 

Equivalent  Attenuation  Length,  Between  Ground  and  Altitude 
Vertical  Beam  Transmittance,  Between  Ground  and  Altitude 
Downwelling  Irradiance 


Total  Volume  Scattering  Coefficient.  The  total  volume  scattering  coefficient  s(zl  in  m 1 is  graphed 
using  a single  average  value  for  each  30-meter  altitude  interval.  Identifying  symbols  for  the  spectral 
filters  appear  every  fifth  data  point,  or  at  150-meter  intervals  These  same  data  were  tabulated  in  the  total 


Equivalent  Attenuation  Length.  The  equivalent  attenuation  length  L tz ) in  meters,  for  the  path  be 
tween  ground  and  altitude,  is  graphed  for  each  30-meter  altitude  interval.  This  represents  smaller  altitude 
increments  than  in  the  tabular  display  of  equivalent  attenuation  length.  Spectral  identifying  symbols 
appear  at  150-meter  intervals  or  every  fifth  data  point. 

Vertical  Beam  Transmittance  Between  Ground  and  Altitude.  The  vertical  beam  transmittance  Tf(0,0°) 
or  Tr(z,180°)  between  ground  and  altitude  is  graphed  for  each  30-meter  altitude  interval.  This  represents 
smaller  altitude  increments  than  in  the  tabular  display  of  beam  transmittance,  Spectral  identifying  sym- 
bols appear  at  150-meter  intervals  or  every  fifth  data  point. 

Downwelling  Irradiance.  The  downwelling  irradiance  H(z.d)  is  graphed  as  a function  of  altitude 
above  ground  level  (AGL).  These  irradiances  were  measured  by  the  dual  irradiometer  concurrently  with 
the  total  volume  scattering  coefficient  measurements.  The  downwelling  irradiance  during  the  ascent  or 
descent  is  graphed  using  a single  average  value  for  each  30-meter  altitude  interval  and  the  identifying 
symbol  for  the  spectral  filter  appears  every  fifth  data  point;  thus  when  data  are  continuous  the  symbols 
appear  at  150-meter  intervals.  The  second  symbol  for  each  filter  designates  the  average  value  measured 
during  each  three-minute  straight  and  level  flight  element. 

7.3  PRESENTATION  OF  AIRBORNE  DATA 

Tabular  listings  and  graphical  displays  of  the  data  discussed  in  Section  7.2  are  presented  in  the 
pages  immediately  following.  Users  should  be  aware  that  regardless  of  the  display  format,  the  data  values 
are  valid  to,  at  best,  only  three  significant  figures.  The  tables  of  beam  transmittance,  in  particular,  should 
be  rounded  off  to  2 digits  prior  to  further  application. 

It  should  also  be  remembered  that  all  values  in  the  data  tables  except  scattering  coefficient  are 
computed  values  based  upon  the  measured  values  of  scattering  coefficient. 

All  altitudes  presented  in  the  data  tables,  in  the  flight  description,  and  in  the  graphs  are  given  as 
above  ground  level  (AGL)  unless  otherwise  specified. 
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FLIGHT  C-390  - 25  OCTOBER  1976  - DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Filter 

Ident 

Data  Interval 

Solar  Zenith  Angle 

— 

Flight 
Altitude 
(meters) 
(min)  (max) 

Average 

Terrain 

Elevation 

(meters) 

Start 

(GMT) 

End 

(GMT) 

Elapsed 
(hrs)  (min) 

Initial 

(degrees) 

Solar 

Transit 

(degrees) 

Final 

(degrees) 

2,3 

4,5 

1230 

1429 

1425 

1615 

1 55 

1 46 





69.6 

80.1 



— 

79.7 

93.7 

270  6090 

300  6090 

0 

0 

1 

Flight  C-390  was  an  afternoon  flight.  Scattered  thin  cirrus  clouds  gradually  increased  to  a broken 
layer  through  the  afternoon  over  the  water  with  broken  clouds  at  low  levels  over  nearby  land  areas. 

The  approximate  southeast  to  northwest  Rodby  track  was  located  south  of  Lolland  Island.  Denmark. 
Typical  terrain  features  along  the  nearby  coast  to  the  north  of  the  track  were  flat  cultivated  farmlands 
interspersed  with  occasional  woods  and  small  towns  Directly  beneath  the  track  and  to  the  south  were 
the  relatively  shallow  waters  of  Femer  Bay. 

The  in-flight  observer  reported  scattered  stratocumulus  clouds  over  land  and  scattered  cirrus 
increasing  to  broken  over  the  water.  Heavy  haze  was  present  throughout  the  flight  with  tops 
about  1050  meters  (3500  feet). 

At  Fehmarnbelt,  south  of  the  track,  the  sky  was  clear  at  1200  GMT  and  2 8 cirrus  at  7500 
meters  (25000  feet)  were  present  at  1500  GMT.  Visibility  was  reported  at  4.0  kilometers  with 
light  fog  for  both  observations. 

Kegnaes,  located  west  of  the  western  end  of  the  track,  reported  stratus  overcast  at  270  meters 
(900  feet)  at  1200  GMT  becoming  5 8 stratus  at  360  meters  (1200  feet)  and  4 8 altocumulus 
at  3600  meters  (12000  feet)  by  1500  GMT.  Visibility  was  reported  from  2.4  to  2.6  kilometers 
with  light  fog. 

The  radiosonde  station  at  Schleswig  was  approximately  106  kilometers  west  and  upstream 
from  the  flight  track  center  point. 

The  surface  chart  for  1200  GMT  had  a stationary  front  dissipating  east  of  the  flight  area  along  the 
Goteborg-Schwerin-Schweinfurt  line.  Another  stronger  frontal  system  paralleled  and  followed  3 degrees 
west  of  this  front.  Widespread  fog  is  shown  in  advance  of  both  frontal  regions.  At  500  millibars  a high 
was  located  over  eastern  Poland  and  a trough  of  low  pressure  over  Great  Britain.  Moderate  southwesterly 
flow  was  over  the  region.  The  airmass  was  stable  maritime  polar. 
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9ATE  06/23/77) 
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C- 
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LEVEL  AL  T I TUOr  (Ml* 
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260 

11.27E-01 

) 

(1.10E-03  1 

( 1.226-01  ) 

( 9. 77E-04 

2 70 

(1.27C-01 

) 

( 1.096-01  1 

( 1.226-01  1 

< 9.  1 5E-04 

100 

11.27E-01 

) 

1.096-01 

( 1.216-01  ) 

( 9. 72E-04 

110 

1.26E-03 

1.  126-03 

1.216-01 

9. 70E-04 

160 

1.21E-01 

1. 116-03 

1. 016-01 

9.  5 7E - 04 

190 

l . 22E-0 1 

1. 116-01 

R.97C-0* 

8.  8 3E-04 

*20 

1.  HE  -0  1 

1.10  6-0  1 

9.  716-0* 

6.  7 OE  - 04 

*50 

1.29E-01 

1.056-01 

1.08E-0 1 

5. 10E-04 

*80 

1 .276-01 

9.056-0* 

1. 126-01 

5.22E-04 

510 

1.17E-0  1 

8.176-0* 

l.  106-01 

5.09E-04 

5*0 

1 .OOF -0 1 

6.516-0* 

8. 256-0* 

4. 05E-O4 

570 

9.16E-0* 

6. 06E-0* 

7.H4E-0* 

4.68E-P4 

600 

9. *06-0* 

6.  1 16-0* 

R. 076-0* 

4.626-04 

610 

9,506-0* 

6. 136-0* 

8.786-0* 

4.S8E-04 

660 

9.206-0* 

5.966-0* 

8.816-0* 

4.57E-P4 

690 

9.05E-0* 

5.776-0* 

7.44E-0* 

4.80E-04 

720 

8.596-0* 

5.826-0* 

6.066-0* 

4. 90E-04 

750 

7.*l£-0* 

5.816-0* 

5.P1E-0* 

5.55E-04 

780 

5.986-0* 

6.7 16-0* 

3.836-0* 

4. HSE-04 

810 

6, *56 -0* 

5.52E-0* 

1.2*6-04 

3. 5 BE  - 04 

8*0 

1.766-0* 

4.8RE-0* 

2. 7*6-0* 

3.55E-04 

8 70 

2.476-0* 

2.116-0* 

1.766-0* 

1 ***96-04 

900 

2.156-0* 

1.496-0* 

1.  11C-0* 

9.^76-05 

910 

1 .8*6-0* 

1.626-0* 

9.616-05 

1.  14E-04 

960 

2.006-0* 

1 .606-0* 

8.276-05 

1.066-04 

990 

1.906-0* 

1.50F-0* 

7. 826-05 

9.48E-05 

1020 

1.82L-0* 

1.40  6-0* 

7.  186-05 

9.50C-05 

1050 

1.756-0* 

1.226-0* 

7.  136-05 

7.95E-05 

1080 

1.716-0* 

1 .0*6-0* 

6.736-05 

7. 7 7C-05 

1110 

1.666-0* 

l.oic-r* 

6.416-05 

f. 456-05 

11*0 

1 .616-0* 

8.486-05 

6.286-05 

H.  19E-05 

1170 

1.196-0* 

1.006-0* 

5.686-05 

9.276-05 

1200 

1.116-0* 

9.296-05 

5.026-05 

4. H2C-05 

1210 

1.116-0* 

0.116-05 

*.*56-05 

2.63E-05 

1260 

1.116-0* 

6.566-05 

1.276-05 

9.  5 7E  - 06 

1290 

1.116-0* 

5.706-05 

2.716-05 

9. 11E-06 

1120 

I.HC-3* 

4.896-05 

2.  7*6-05 

3.0<>E-0S 

1350 

1.29C-0* 

4.958-05 

2.69C-05 

2.19E-C5 

1180 

1.236 -0* 

4.706-05 

2.  706-05 

l.8  7E-0*» 

1*10 

1.216-0* 

4.926-05 

2.726-05 

2.41C-05 

1**0 

1.146-0* 

4.986-05 

2.606-05 

2.2  IE-05 

1*70 

1.10C-0* 

4.96F-P5 

2.726-05 

1.44E-05 

1500 

1 ,06b -0* 

5.506-06 

2.  7 16-05 

1. 106-05 
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TOTAL  VOLUME  SCATTERING  COEFFICIENT 
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DATE  I02J76 

FLIGHT  NO. 

C-3R0  ground 

LEVEL  AL  T 3 TUnr 

( M J - 

ALTITUDE 

TOTAL 

volume  scatter  in 

G COEFFICIENT 

(PER  Ml 

<M) 

FILTERS  2 

A 

3 

J 

JO  JO 

r .r  ie-os 

A.ftRE-OS 

2.  7SE-0S 

1.7  7E-0J 

J060 

R • 32E -0  S 

a.src-os 

2 . fcftC-OS 

l.RJE-OJ 

JOBO 

H . R2E -OS 

A.AAt-05 

2.62E-0S 

um-os 

7120 

8.71E-OS 

A.21C-0S 

2.S8E-OS 

2.0BE-0J 

n jo 

R.SQE-OS 

3.R8E-05 

2.60C-0S 

i.B2t-rj 

J1BO 

R.STr-OS 

3.81C-OS 

2.S2E-OS 

1. 0*E-0J 

T210 

8 .AftE-OS 

A.  IOC-0S 

2.SSF-0S 

2.n*t-<u 

J2*0 

8 • 2 1 1 -0  S 

A . 08  E — OS 

2. AlC-OS 

i.b*c-uj 

1170 

8.  ISE-OS 

A *08  E -OS 

2 • A IC-05 

1.JIE-0J 

JJOO 

8.01C-0S 

A.  1 7C-0S 

2.AAF-0S 

1.R6E-0J 

JJ  JO 

7.8  IE-OS 

A. 2SF-0S 

2, 38C-OS 

l.BPE-OJ 

JJ60 

T • T LE-Or> 

A.21E-0S 

2.  3SF-0S 

1.  1 JC-OJ 

JJOO 

7,6  3E-0S 

A. ORE-OS 

2.  37E-OS 

2.01E-0J 

JA20 

7.N5C-OS 

A.26E-0S 

2. 3RE-0S 

1.0*E-0S 

J*JO 

7. arc -os 

A.  IftC-OS 

2.AIE-0S 

l.  7BC-0* 
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7.37E-OS 

A.ASC-OS 

2.  37E-OS 

l.«*E-OJ 

JJIO 

7.S0E-0S 

A.A2E-0S 

2.  A 3C-0S 

l.B*E-OJ 

jjoo 
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A.2RC— OS 

2.SOE-OS 

1.R1E-CJ 

J J TO 
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1.B2E-0S 
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♦2  10 

7. 2 1C -OS 

3.OAE-0S 

2 • A IE-0S 

2.22E-0J 

*260 

7.1RF-0S 

A.  1 7F-0S 

2.ARL-RS 

2.  lOL-OJ 

*200 

7.1SF -OS 

A.2SF-0S 

2. AAE-OS 

l.B*t-PJ 

*120 

7. IOC -OS 

A.02F-0S 

2.A7E-OS 

2.  i Jr-CJ 

*!J0 

7.0AC-0S 

A ,0 1 E-Os 

2. ARC-OS 

2.26E-0* 

* 1 BO 

7. 1 nr  -os 

A. OOF-OS 

2.S2E-05 

1.60E-0* 

*»10 

7 .OftC -OS 

A.02E-0S 

2. Sit- OS 

l.BBE-OJ 

***0 

7 ,o*n  -o  s 

a.oie-os 

2. ARE-OS 

2.0JE-0* 

**  70 

ft.ftlC  -os 

3.  7RT-0S 

2.0  IC-OS 

2.07E-0* 

*JOO 

6 .ft  TC  -OS 

3. ORE-OS 

2.  3RE-0S 

2.2BE-OS 

FLIGHT  NO.  C- 390 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


uoa  star 

DATE  102S7b 

DATE  06/23/77) 

FLIGHT  NO.  C-J90  GROUNO 

LEVEL  AL  T T TlJOc 

(Ml  • 

ALT  I TUOE 

total 

vclumc  scattering  coefficient 

(PER  Ml 

It*)  rilTCRS 

4 

1 

S 

45  Jo 

6 .661-05 

1.836-05 

2.  J2C-0S 

2.  IOE-OS 

4560 

6.686-05 

4.366-05 

2.  TSC-(1S 

2.  27E-OS 

4590 

6.6 jr -05 

4,336-05 

2. A1C-05 

2.  TTE-05 

4620 

6 .6  IC-05 

4. 306-05 

2.  W-OS 

2.  OAF -OS 

465& 

6. 326-05 

4.046-05 

2 . 1AE-0S 

2.  UE-OS 

4680 

6.486-05 

4.296-05 

2.  TTE-OS 

2.11C-0S 

4 no 

6.47L-06 

4.546-05 

2.  TOE-OS 

2.  TOE-OS 

4740 

5.556-05 

4.556-05 

2.2  7E-OS 

2.  TOE-OS 

4770 

5.  J66-05 

4.556-05 

2.2AC-OS 

2.A1E-0S 

4800 

7.  126-05 

4.506-05 

2.  lAE-OS 

2.AJE-0S 

48  JO 

t>. 8HC-05 

4.426-05 

2.2«t-os 

2.  5 IE -OS 

4860 

6.786-05 

4.416-05 

2.  T7E-0S 

2.A>7E-OS 

4890 

6.78  6-0  5 

4.546-05 

2. *2 E-05 

2.20E-0S 

4920 

6.726-05 

4.476-05 

2.ASF-0S 

I.OIE-OS 

4950 

6.656-05 

4. 40E-05 

2.AOC-0S 

2.0AE-0S 

4980 

6.586-05 

4.086-05 

2. A 7E-0S 

1 . vae-os 

5010 

6.586-05 

3.956-05 

2.SIC-0S 

1.H6E-0S 

5040 

6.596  -05 

2.816-05 

2.MF-0S 

I.haE-OS 

5070 

6.5  76-05 

3.896-05 

2.  S6C-0S 

l . 'TOE  - OS 

5100 

6.526-05 

3.926-05 

2.SAE-0S 

l.ASE-OS 

51  JO 

6.526  -05 

3.896-05 

2.SJE-0S 

1.  7AE-0S 

5160 

6. 616-05 

3. 866-05 

2.saE-os 

2.0AC-0S 

5190 

6.596 -05 

3.846-05 

2.72E-OS 

1 .8TE-0S 

5220 

6 .966-05 

3.8  36-05 

1 .69E-0S 

1 • 82E-OS 

5250 

7 • J 36  -0  5 

3.866-05 

W81F-0S 

l. HOE-OS 

5280 

7.556-05 

J. 896-05 

1.77E-0S 

1.  79E-0S 

5 J 1 0 

7,446 -05 

3.856-05 

1 . 7'Jb-OS 

1.  77E-OS 

5540 

7,146-05 

3 . 84  F -05 

2.  1 7E-0S 

t . 76E-0S 

55  70 

6.826-05 

3.896-0  5 

?.  IRE-OS 

l • MAC -OS 

5400 

7.246-05 

3.666-05 

2.2>JE-OS 

l.SAE-OS 

54  JO 

6.5  36-05 

3. 376-05 

2.  IAt-05 

l.  70E-OS 

5460 

6,456-04 

3.  126-05 

2.S7E-OS 

1.  7TE-0S 

5490 

6.386 -05 

3.  796-05 

2.A7E-OS 

1.98E-0S 

5520 

6.506-05 

3.526-05 

2. 7JE-05 

I.68E-0S 

5550 

6 .6  26  -0  5 

3.526-05 

2.  76E- OS 

1.M1E-CS 

5580 

6.616-05 

2.946-05 

2.S6E-0S 

W9AE-0S 

5610 

8.266-05 

3.826-05 

2.  T6E-05 

L.M5E-05 

5640 

8.2  36  -05 

3. 706-05 

2.  16E-0S 

l.ASE-OS 

56  70 

7.586-05 

3.58E-05 

2.10E-OS 

1.T5E-0S 

5700 

1 .0  3C  -04 

3.566-05 

2.21E-OS 

1. 7A6-0S 

5710 

1 . 1 16-04 

3.556-05 

2.2TF-05 

1.  77E-0S 

5 760 

i.  iar-04 

3.516-05 

2.2AE-OS 

l.TAt-OS 

5 790 

1.176-04 

3.916-C5 

2.2AE-OS 

1.66E-05 

5820 

l . 166-04 

3.686-05 

2.20E-0S 

1 . R1E - OS 

5850 

1.146-04 

3.496-05 

2.20F-0S 

1.6U-0S 

5880 

1.146-04 

J.52E-05 

2.21F-OS 

1.78C-0S 

5910 

t.  126-04 

3.476-05 

2.2TE-05 

1.86E-0S 

5940 

1 .056-04 

2.546-05 

2.21E-OS 

1. 76E-0S 

59  70 

9.23r-05 

3. J76-05 

2.  18E-0S 

1.  79E-0S 

6000 

9.386-05 

3.616-05 

1 2.  18F-0S  ) 

1.  76E-0S 

FLIGHT  NO.  C-390 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


I JOB  «.  U<1  D\TC  06/  ,’l/m 

PATE  102576  niCHT  .0.  C-J‘»0  CHOUNO  l EVCL  AL  TtTUOF  I **  I * 0 


ALU  root 

total 

vnu*F  scattfhi* 

i>',  cm  r f i c 1 1 

•JT  (PCS  «) 

(ki 

ritTCtu 

<♦ 

i 

5 

60  10 

B.6KI  -06 

T.5IE-0*- 

(2.17E-H5  > 

1.  / IE -05 

6060 

K.STE-OS 

ir.l6E-0r)  ) 

1.  UE-05 

60  JO 

«.  17£-05 

J.4AC-05 

•.  > 

1.66E-C5 

6iro 

IB  . JAE-05 

5 ( T • A »C-Or*  ) 

< 2. 15E-05  ) 

1 1.65E-05 

6150 

|B.  12E-05 

1 ( 1 

( i^e-os  ) 

1 I.65E-05 

61  SO 

IB.J9C-05 

) ( 1.AIF-0S  ) 

1 2 . 1 H-OS  ) 

1 1 .6AE-0S 

6210 

IH  »26f -05 

) ( J.‘.OC-0’>  ) 

( 2.  l *E-05  I 

i 1.66E-0S 

6250 

IB.  2 IE -05 

) ( J.  J4E-0S  ) 

(2.12E-05  ) 

I 1.61C-05 

62  70 

IH.21E-05 

) ( ) 

( 2.1 1C-0S  ) 

1 1.6 1C- 05 

6100 

IS  ,l«C-05 

) ( UUC-0*i  ) 

IMIE-OS  ) 

1 1.62E-C5 

FISST  DATA 

ALT 

IIP 

\00 

S JO 

1 JO 

LAST  DATA 

ALT 

600  0 

60^0 

V*  TO 

60S0 
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FLIGHT  NO.  C- 390 
EQUIVALENT  ATTENUATION  LENGTH 


( JOB  6369  CATC  06/23/771 

DATE  102*76  FLIGHT  NO.  C-WO  GROUND  lFVFL  ALTTTunF  (Ml-  0 

ALTITUDE  ECU  IV  AL  ENT  ATTENUATION  LENGTH  (“I 


It*) 

FILTERS 

■> 

4 

3 

0 

7.67E 

02 

R.92E 

02 

R.CIE 

02 

i.ooe 

03 

TOO 

7.79C 

02 

9.0*S 

02 

8.  1 JF 

02 

1.02E 

03 

600 

8.12E 

02 

9.82E 

02 

8.96C 

02 

1.2  IE 

03 

900 

9.S0C 

02 

1. 18F 

03 

1.09E 

0 3 

1.66E 

03 

1200 

1.20E 

03 

1.69E 

0 3 

1.61E 

03 

1.86E 

03 

1500 

1.6SE 

03 

l.Hir 

03 

1.  76E 

0 3 

2.  10E 

03 

1800 

l • 69E 

03 

2.  isr 

0 3 

2,r.it 

03 

2.  76E 

03 

2100 

1 .92C 

0 3 

2.65E 

03 

2.  19E 

03 

1.  1 7E 

03 

2600 

2.16E 

03 

2.76E 

0 3 

2 • 7 IE 

03 

3.S8E 

03 

2700 

2.16E 

03 

1.0  IE 

03 

1.01E 

03 

1.98E 

03 

1000 

2.S7E 

0 ^ 

1. 11E 

0 3 

1.  12E 

03 

6.  19E 

03 

1100 

2.77E 

0 3 

1.S9E 

0 3 

3.62E 

03 

6.T9C 

03 

3600 

2.96E 

03 

1.86F 

03 

1.92F 

03 

*.  IRE 

03 

3900 

3.1SE 

03 

6. 1 IE 

0 3 

6.21C 

03 

S.r>6E 

03 

6200 

3.16C 

0 3 

6.  HE 

03 

6.*0E 

0 3 

*.96E 

03 

6*00 

l.*2E 

0 3 

6.6*E 

03 

6.7RE 

03 

6.  HE 

03 

6800 

1.70E 

0 3 

6.89E 

0 3 

S.07E 

0 3 

6.67E 

03 

*100 

3.R7E 

03 

*.  1»E 

0 3 

*.  1*E 

03 

7 • 02E 

0 3 

*6  00 

6.06E 

0 3 

*.  m 

03 

*.62C 

0 3 

7.  IRE 

03 

*700 

6.19E 

0 3 

* .6  l C 

0 i 

R.RRE 

0 3 

7.  »1E 

03 

6000 

6. HE 

0 3 

S.8SE 

0 \ 

6 . 1*E 

03 

a.  orf 

03 

6300 

6.66E 

0 3 

6. ORE 

03 

6.6/E 

0 3 

8.6TE 

03 

FLIGHT  NO.  C-390 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 

VERTICAL  R'A* 

TRANSMITTANCE 

FR'}m  GROUND  TO 

* L T 1 TUDF 

1 Ml 

filters 

6 

T 

5 

0 

l.OOE  00 

l.OOE  CO 

l.COE  DC 

l.OOE  00 

100 

6 .HOC-O  1 

7.  IRE-01 

6.91E-01 

7.66E-01 

600 

6.78E-01 

S.63E-01 

S.  12C-01 

R.09C-O1 

LOO 

1.R8C-01 

6.6SE-01 

6.  17E-01 

5. 39E-01 

1200 

1.68E-01 

6.6RE-C1 

6.27E-01 

*.2*E-01 

1*00 

1.S5E-01 

6.60E-01 

6.23F-01 

*.21E-01 

laoo 

3.66C-01 

6.12F-01 

6.20E-01 

*.  1RC-01 

2100 

1.15E-01 

6.26E-01 

6.  lfcE-01 

5.15E-01 

2600 

1.26E-01 

6.1 7F-CI 

6.12C-01 

S.llC-01 

2 700 

3.18E-01 

6.10E-01 

6. ORE-01 

*. ORE-01 

3000 

1 . 1 1 L -0  1 

6.06E-01 

6.USC-01 

*.0*C-0l 

3300 

l.OJC-Ot 

1.99F-01 

6.02E-01 

R.02E-01 

3600 

2.97C-01 

1.96E-01 

1.S9E--01 

6.L9C-CI 

1900 

2.90E-01 

1.89F-01 

1.06E-01 

6. 96E-01 

6200 

2.RSE-01 

1.86F-01 

3.  LIE-01 

6. 9 IE -01 

6*00 

2.79E-01 

1.80E-01 

1.  DOE-01 

6.90E-C1 

6800 

2. 7 IE -01 

3.7SF-01 

l.HRF-Ol 

6.R7E-01 

*100 

2.68C-01 

1.707-01 

1.R5E-01 

6.R6F-01 

*600 

2.6/E-O I 

3.66E-01 

1.82E-01 

6.R1F-01 

*700 

2.S7E-01 

1.62E-01 

1.80E-01 

6. 79E-01 

6000 

2.6RE-01 

l.RRC-Ol 

1. 7 7E- 0 1 

6.  76 F- 01 

6 300 

2.62E-01 

i.**C-oi 

1.  7*C-01 

6. 76F-01 
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FLIGHT  C-391  - 26  OCTOBER  1976  DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Data  Interval 

Solar  Zenith  Angle 

ci; 

nh  t 

1 

A i/oronn 

Filter 

Ident 

Start 

(GMT) 

End 

(GMT) 

Elapsed 
(hrs)  (min) 

Initial 

(degrees) 

Solar 

Transit 

(degrees) 

Final 

(degrees) 

rim'ii 

Altitude 
(meters) 
(min)  (max) 

nVci  aye 

Terrain 

Elevation 

(meters) 

2 

1119 

1144 

0 

25 

67.4 

— 

67.9 

270 

5490 

0 

3 

1147 

1208 

0 

21 

68.0 

- 

68.8 

270 

5430 

0 

4 

1209 

1235 

0 

26 

68.9 

- 

70.2 

300 

5160 

0 

5 

1236 

1257 

0 

21 

70.3 

- 

71.6 

840 

5100 

0 

) 

Flight  C-391  was  an  afternoon  flight.  There  was  a solid  deck  of  low  clouds  along  the  flight  track. 

The  approximate  southeast  to  northwest  Rodby  track  was  located  south  of  Lolland  Island,  Denmark. 
Typical  terrain  features  along  the  nearby  coast  to  the  north  of  the  track  were  flat  cultivated  farmlands 
interspersed  with  occasional  woods  and  small  towns.  Directly  beneath  the  track  and  to  the  south  were 
the  relatively  shallow  waters  of  Femer  Bay. 

An  in-flight  lay  observer  reported  a solid  cloud  deck  along  the  track  with  cloud  tops  approxi- 
mately 900  meters  (3000  feet).  There  was  no  on-board  meteorologist  during  this  flight. 

Fehmarnbelt,  south  of  the  track,  reported  5 8 cumulus  and  stratocumulus  at  450  meters  (1500 
feet)  at  1200  GMT  increasing  to  8 8 stratocumulus  by  1500  GMT.  Visibility  reported  at  2.0 
kilometers  in  fog  at  1200  GMT  improved  to  4.0  kilometers  in  light  fog  at  1500  GMT. 

Kegnaes,  located  west  of  the  western  end  of  the  track,  reported  overcast  stratocumulus  at 
480  meters  (1600  feet)  at  1200  GMT  lowering  to  420  meters  (1400  feet)  at  1500  GMT.  Visibility 
was  reported  as  3.0  to  4.0  kilometers  in  light  fog. 

The  radiosonde  station  at  Schleswig  was  approximately  106  kilometers  west  of  the  flight  track 
center  point  on  a line  that  ran  crosswind  to  the  prevailing  airflow. 

The  surface  chart  for  1200  GMT  had  an  occluded  front  extending  from  a low  centered  at  58. 5N.  8.0W. 
This  front  extended  east  and  southeast  through  the  North  Sea  and  central  Netherlands  then  as  a stationary 
front  through  western  Germany  and  Switzerland.  Stratus  and  ground  fog  are  prevalent  in  advance  of  the 
system.  At  500  millibars  a high  was  centered  over  southern  Sweden  with  light  southerly  winds  over 
Denmark.  The  airmass  was  stable  maritime  polar. 
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(JOB  41B9  HATE  09/10/77) 

DAT  C 1026  7b  FLIGHT  \C.  C-391  GROUND  LEVEL  AL  T * TUDr  (M)*  0 


' 


ALTI  TUOC 

TOTAL 

7CLUXE  SCATTERING  CnEFFIC 

IENT  (PER  M) 

IP) 

FILTERS 

6 

1 

5 

0 

1 1 .20C-0  1 

I I 1.O6E-01  ) 

( 8.  17E-06 

I I7.59E-06 

10 

(1.19E-01 

I (1.06E-01  ) 

( 8. 12E-06 

) (7.55E-C6 

60 

U.19E-0  1 

) ( l.OK-O)  ) 

1 P.30E-06 

I (7.5  3E-06 

90 

(1.19E-01 

) (1.P3E-03  ) 

1 8.28E-06 

) (7.52E-06 

120 

I1.19S-01 

) ( 1.0  3L-0  1 ) 

I 8 • 26c- 06 

t (7.E0E-04 

150 

1 1.1  HE -0  1 

) ( 1.01E-01  ) 

( 8.26E-06 

1 I7.48E-04 

180 

l 1 . 1 SC  -0  3 

) ( 1.02E-01  I 

( R.22E-04 

1 (7.66E-06 

210 

tl.lHC-O! 

1 ( 1.02E-01  ) 

( 8.20E-06 

) (7.46C-06 

260 

1 1 - 1 7E -0  1 

) ( 1.02E-0!  ) 

( 8.  18E-06 

1 (7.62E-06 

270 

1 .17E-0  3 

t I.O2E-01  ) 

1 8.  16E-06 

1 (7.60E-04 

100 

1.15C-01 

l.OIE-Ol 

1 8.1  IE- 06 

) (7.18E-04 

no 

1.16c -0  1 

1.06C-03 

8 . 1 IE- 06 

( 7.  16E-04 

160 

1.15E-01 

9.99E-06 

8.61E-06 

1 7.  16E-P4 

190 

1.16E-03 

1 .00  E-0  1 

8.66E-06 

( 7.  32E-04 

620 

1 • 16t -0  3 

1.06E-01 

7.89E-06 

< 7. 30E-06 

650 

1.16C-01 

1.02r-03 

8.1 5E-06 

I 7.2 RE -06 

680 

1.16E-01 

1.01E-03 

8.62E-P6 

( 7.26E-06 

5 10 

1.16E-01 

1.02E-01 

8.51E-06 

I7.26E-04 

560 

1.11E-01 

l.OIE-Ol 

8.66E-06 

( 7.22E-06 

5 70 

1.08E-03 

9.53E-06 

8.68C-06 

( 7.20E-04 

600 

1.07E-31 

7.21  E— 06 

7. 77E-06 

( 7.  1 RE  - 04 

630 

1.02E-01 

S.25F-06 

7.60E-04 

I 7. 16E-04 

660 

1.15E-01 

6.60E-06 

6.81E-06 

1 7.  14E-04 

690 

1.13E-0  3 

3.96E-06 

6 . 66E-06 

t 7.  12E-04 

720 

l.UE-01 

1.75E-06 

6.06E-06 

( 7.  10E-C4 

750 

1.13E-03 

6. 37E-06 

6. 22E-04 

I 7.  08E-04 

78o 

9.69E-06 

6.89E-06 

6.  19E-06 

1 5. 39E-04 

810 

6.71E-06 

6.28E-06 

5.01E-06 

13.70C-04 

860 

6 .53E-06 

5.67E-06 

9.66E-05 

I 2 . 01E-04 

8 70 

1.29E-06 

7.86F-05 

6.  730-05 

3.27E-05 

900 

9.69E-05 

6.29E-05 

3.81E-05 

2.69E-05 

910 

9.26C-05 

6.01E-05 

3.03E-05 

2.41E-05 

960 

9.  12E-05 

6 .86  E— 0 5 

2.99E-05 

2.48E-05 

990 

9.50E-P5 

5.0  IE-08 

3.  16F-05 

2.36E-05 

1020 

9.86E-05 

6.89E-05 

3.26E-05 

2.24E-05 

1050 

9.51E-05 

6 . 6 1 E-0  5 

1.06E-05 

1.62E-05 

1080 

9.21E-05 

6.17E-05 

1.01E-05 

1.88E-05 

1110 

8.88E-05 

6.11E-05 

2.99E-05 

2.  15E-05 

1160 

9.22E-05 

5.99E-05 

3.C7E-05 

2.06C-05 

1170 

H.53E-05 

5.91E-05 

3.17E-05 

1.20E-05 

1200 

7.17E-CS 

5.86E-05 

3.  15E-05 

2.76E-05 

1230 

6.72E-05 

5.81C-05 

2.70E-05 

2.20E-05 

1260 

6.76E-05 

5. 79  E-0  5 

2.55E-08 

1.82E-05 

1290 

6.69E-05 

5.79E-05 

2.40E-05 

2.28E-05 

1320 

7.5CE  -05 

5.88F-05 

2. 17E-05 

1.  78E-05 

1150 

9.92E-05 

6.99E-05 

2.67E-05 

2.87E-05 

1180 

1 .00E-06 

6.86E-05 

3.04E-05 

2. 10E-05 

1610 

1.02E-06 

6.70E-05 

2.85E-05 

2.37E-05 

1660 

9.82C-05 

5.28E-05 

1.77E-05 

2.03E-05 

1670 

9.66E-05 

5.81E-05 

2.06E-05 

1.97E-05 

1500 

9.66E-05 

6.11E-05 

2.  31E-05 

1.25E-05 
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FLIGHT  NO.  C-391 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  6389  DATE  09 / 30/771 


DATE  1026  76 

FLIGHT  NG. 

C-39  1 GROUNO 

LEVEL  ALTITUOT 

IMI« 

AITITUOE 

total 

VOLUKC  SCATTERING  COEFFICIENT 

(PER  *) 

I*1) 

FILTERS  2 

6 

3 

5 

1530 

9.736-05 

6.326-05 

)• 10E-O5 

1.666-05 

1560 

9.72E-05 

6. 366-05 

3.  166-05 

2.50E-05 

1590 

9,716-05 

6.366-05 

3.266-05 

2.626-08 

1620 

9.65E-05 

6.526-05 

3.  366-05 

2.  366-05 

1650 

9.616-05 

6. 616-08 

3.  36C— 05 

2.  186-05 

1680 

9.62C-05 

6.376-05 

3.  316-05 

l • 096-05 

1310 

9. 366-0  5 

6.096-08 

3.266-05 

2.0«6-C5 

1760 

9*166-05 

6.566-05 

). 2)6-0 

2.206-05 

1770 

R.69E-0S 

5.556-05 

2.62F-08 

2.096-05 

1800 

8*526-05 

5.856-05 

2. 356-05 

1.S9E-05 

1830 

8.526-05 

5.8)6-05 

2.  326-0  5 

1.916-05 

1860 

8.27E-05 

5.8  36-05 

2. 316-05 

1.516-05 

1890 

8. 17C-05 

5. 766-05 

2.226-05 

1.  716-05 

1920 

8.22E-05 

5.676-05 

2.616-05 

1.806-05 

1950 

7 *07  6*0  5 

5 . 35F-0S 

2.686-05 

t.  686- 05 

1980 

6.59E-05 

5.256-08 

2.77E-05 

3.076-05 

2010 

6.62E-05 

5.316-05 

2.596-05 

2.29E-05 

2060 

8,076-05 

5.626-05 

2.666-05 

1 . 686-05 

2070 

9 .696-05 

6.R6E-05 

2.896-05 

2.606-05 

2100 

9.676-05 

6.816-05 

3.166-05 

2.616-08 

2130 

9,516-05 

6,626-05 

3.226-05 

2. 616-05 

2160 

9.30E-05 

6,626-05 

3.056-05 

2. 706-05 

2190 

8.6HE-05 

6,276-08 

2.956-05 

2.  706-05 

2220 

8.276-05 

5 , 556—05 

2.856-05 

2.886-08 

2250 

8.186-05 

5.376-05 

2.  786-05 

1.716-05 

2280 

8.22E-05 

6,916-05 

2.706-05 

1.  72E-C5 

2310 

7 .98E-05 

5.396-05 

2.726-05 

1.  106-05 

2360 

7.966-05 

6.976-08 

2.  766-08 

1.296-05 

2370 

7.87E-05 

5.186-05 

2.  786-05 

1. 5)6-05 

2600 

7.73E-05 

5 . 256-05 

2.R6E-05 

1.56E-05 

26)0 

6.926-05 

5.08E-05 

2.626-05 

2.  706-08 

2660 

6 .206-05 

5.076-05 

1.886-05 

1.  726-05 

26  90 

6 . 166-0  5 

5.086-05 

1.866-05 

1.576-08 

25  20 

8.6)6-05 

5.056-08 

2.096-08 

1.98C-C5 

2550 

8.576-05 

5.096-08 

2.676-08 

3.6)6-08 

2580 

H. 226-05 

6.626-05 

2.696-05 

1.  16C-05 

2610 

S.J2E-05 

6.  nr-05 

2.686-05 

a.  jir-co 

2660 

8.2)6-05 

3.956-05 

2.676-05 

1.076-08 

2670 

8 .066 -C  5 

5.886-08 

2.69I--08 

i.7or-C8 

2 700 

8.056-05 

8,6  1 r-05 

2.676-05 

2. 166-08 

27)0 

7,996-0  5 

5.50F-08 

2.65C-05 

2. 026 -08 

2 760 

7 .7  36-08 

5. 166-0« 

2.806-05 

7.126-08 

2 790 

7.7)6-05 

8.22F-05 

2.196-05 

1.  356-05 

2820 

7.676  -05 

8.166-05 

1.686-05 

1.696-05 

2850 

7.666-05 

5.096— 05 

2.686-05 

1.266-05 

2880 

7.566-05 

5.056-08 

2.526-05 

1.936-08 

2910 

7.726  -05 

8.076-08 

2.516-08 

8.  7<,6-  06 

2960 

6. ) 3E-05 

6.996-05 

2.586-05 

l.  776  -05 

29  70 

5.966-05 

3.6GE-05 

2.726-05 

1 . 866-05 

3000 

6.166-05 

1.266-08 

2.266-05 

2,  906-06 
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FLIGHT  NO.  C- 391 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


5389  CAT  fc  09/30/77) 


rE  1026  76 

FLIGHT  NO. 

C-39  1 GROUND 

level  altituot 

: 1 M ) * 

riTUOE 

TOTAL 

VOLUME  SCATTERING  COEFFICIENT 

IPER  M) 

(Ml 

FILTERS  2 

5 

3 

5 

3030 

8.55E-0S 

3. 20  E- 05 

1.8  IE-05 

2.81E-05 

3060 

R.28E-05 

5.53E-05 

1.75E-05 

2.55E-05 

3090 

H. 236-05 

5.58E-05 

1.  716-05 

2.07E-05 

3120 

8. 12E-C5 

5.83E-05 

1.  73C-05 

1.57E-05 

3150 

8.13E-05 

5.68E-05 

2.236-05 

l.  326-05 

3180 

7 .78E-05 

5.05E-05 

2.35E-05 

1.87E-05 

3210 

7.70E-05 

5.61E-05 

2. 38E-05 

1.  33E-C5 

3250 

7.S6F-05 

5.95E-05 

2.38E-05 

2.23E-05 

32  70 

7.57E-05 

5 .056-05 

2. 50C- 05 

2.2  5E-05 

3300 

7.50E-05 

5.98E-05 

2.I8E-05 

3.  30E-C5 

3 330 

7.52E-05 

5.05E-05 

2.51E-05 

2.136-05 

3360 

7.56E-05 

3.R9E-05 

2.516-05 

2.  16E-05 

3390 

7.56C-05 

3.89E-05 

2.52E-05 

2. 196-05 

3520 

7 .57E-0S 

3.79E-05 

2.52E-05 

1.  30E-05 

3550 

6.51E-05 

5.6IE-05 

2.53E-05 

9.  16E-06 

3580 

5.92C-05 

5.33F-05 

2.556-05 

1.286-05 

3510 

5.91E-05 

5.20E-05 

2.5JE-05 

'.516-05 

3550 

5.75E-0S 

5.16E-05 

2.55E-05 

1. 75E-05 

1570 

S.7ir-05 

5.06E-05 

2.566-05 

8.886-06 

3600 

5.T6E-05 

5.05E-05 

2. 52E-05 

1.68E-05 

3630 

8.19E-05 

5.07C-05 

2.56E-05 

1.586-05 

3660 

B.07E-05 

5.886-05 

2.50E-05 

1.75E-05 

3690 

7.96E-0S 

5.86E-05 

2.55E-05 

2.  16E-05 

3720 

7.65C-05 

5.58E-05 

2.53E-05 

1.526-05 

3750 

7.63E-05 

3.80E-05 

2.58E-05 

2.05E-05 

3780 

7 « 59  E -05 

3.766-05 

1.666-05 

1.556-05 

3810 

7.51E-05 

3.766-05 

1.656-05 

1.706-05 

3850 

7.58E-05 

3.75E-05 

2.00E-05 

1.216-05 

3870 

7.65E-05 

5.23C-05 

2. 35C-05 

1.01E-05 

3900 

7.57E-05 

5. 10E-05 

2.356-05 

1.836-05 

3930 

7.55E-05 

5 .006-05 

2.  3 36-05 

1.526-05 

3960 

7.526-05 

5.0  7E-05 

2.  31E-05 

1.02E-05 

3990 

7.50E-05 

1.29E-05 

2.35E-05 

1.55E-05 

5020 

7.55E-05 

5.056-05 

2.33E-05 

1 • 206-05 

5050 

6.50E-05 

5.03E-05 

2.2  7E-05 

1.07E-05 

5080 

5.87E-05 

5 .01 E- 05 

2.25E-05 

l. 786-05 

5110 

6.52E-05 

5.50E-05 

2.18E-05 

1.86E-05 

5150 

6.97E-05 

3.79E-05 

2. 226-05 

1.  13E-05 

5170 

8.12E-0S 

3.75E-05 

2.  35E-05 

1.62C-05 

5200 

8.03E-05 

3.70E-05 

2.  356-05 

1 . 916-05 

52  30 

7 .656-05 

3.86C-05 

2.  366-05 

1.55E-05 

5260 

7. 606-05 

5.256-05 

2.36E-05 

1.  876-05 

5290 

7.55E-05 

5.83E-05 

2'.  38E-05 

1.77E-05 

5320 

7.56E-05 

5.05E-05 

2.526-05 

2.26E-05 

5350 

7 .5  IE -0  5 

5.9HE-05 

2.506-05 

1.73E-05 

5380 

7.58E-05 

2 .786-0 5 

2.516-05 

1.58E-05 

55  10 

5.79E-05 

5.B5E-05 

2.556-05 

1 . 0 36  - 05 

5550 

5.75E-05 

2.57E-05 

2.51E-05 

1 • 686- 05 

55  70 

5.72E-05 

5.86E-05 

2.58E-05 

1.  38E-05 

5500 

5.59E-05 

5.50E-05 

2.52E-05 

1 . 756-05 

7-23 
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FLIGHT  NO.  C 391 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


I JOB  4 189  PATE  09/  10/7  71 

DATE  101676  FLIGHT  \P.  C- »'» l CROUNO  LEVEL  ALTITUDE  (Ml.  0 


ALT! ruO£ 

total 

VOLUME  SCATTERING  COEFFICIENT 

1 BE  R Ml 

!*) 

FILTER  2 

A 

1 

S 

45  30 

H.ISE-OS 

1.60E- OS 

2.60E-0S 

1.6SE-0S 

4560 

7.  71E-0S 

1.96C-0S 

1.71E-0S 

1.  70F-OS 

4590 

7.64C-0S 

1.46  E-OS 

1. 621-os 

1.T4F-0S 

46^0 

t.she-os 

T.A2F-0S 

1.62C-0S 

1.78E-0S 

4650 

7.29F-0S 

4.1  7C-0S 

1.61F-0S 

1.91E-0S 

46*0 

7.27E-OS 

4.92E-0S 

2.01E-0S 

1.96E-IIS 

4710 

7.1  IE -OS 

4.90E-0S 

2.  i ir-os 

1.  7DE-0S 

4 740 

6 .95E  -OS 

4.72E-0S 

2.2OE-0S 

1.84F-0S 

4770 

S.62C-3S 

4.  7HE-0S 

2.26E-0S 

l.BTE-CS 

4800 

S.S1E-0S 

4.77E-OS 

2.26F-0S 

2.0TF-OS 

4830 

s.hie-os 

4.72E-0S 

2.26C-OS 

1.7SE-0S 

4 860 

6.69E-0S 

4.61E-0S 

2.27E-OS 

l.S2t-0S 

4890 

7.S6E-0S 

4.S7E-0S 

2.29C-0S 

1.27E-CS 

4920 

7 • spfc  -OS 

T.40E-0S 

2.27E-OS 

1.  T4E-0S 

4950 

7.29E-0S 

1.4SE-0S 

2. 2 IF- OS 

1.69E-0S 

4980 

7. TOE -OS 

1.R2E-0S 

2.2  7E-0S 

1.67E-0S 

5010 

7.  10E-0S 

S.OTE-JS 

2.  TOE-OS 

1.67E-0S 

5040 

7.15E-OS 

4.90F-05 

2.  TIE-OS 

1.67F-0S 

50  70 

7. ISC -OS 

4.R1E-0S 

2.  T2C-05 

1.92E-0S 

5100 

7.02E-0S 

4. 7 9 F - 0 S 

2.  UE-OS 

1 1.92E-0S 

51  10 

7.07E-OS 

4.42E-0S 

2.22E-OS 

1 1.9U-0S 

5160 

S.S2E-0S 

s .61  E-OS 

2.  I2E-0S 

1 1.90E-0S 

5190 

S.S2E-0S 

I4.S9C-0S  1 

2.  TfcE-OS 

1 1 • ROE- OS 

5220 

6.49E-0S 

(4.SBC-0S  1 

?.  T4E-0S 

U.B9E-0S 

5250 

7.S6L-0S 

I4.S6E-0S  ) 

2.  T2E-05 

I 1.89E-0S 

52  80 

7 • SAC -OS 

(4.SSE-0S  ) 

2,  T6E-0S 

1 1.88E-0S 

5310 

7.40E-0S 

(4.STE-0S  I 

2.T2E-0S 

1 l.HBE-OS 

5 340 

7.2SE-OS 

(4.S2C-0S  1 

2.  T7E-0S 

< 1.H7E-0S 

5 3 70 

7.  I BE -OS 

I4.SIE-0S  ) 

2.39E-0S 

( 1.H6E-0S 

5400 

7.O8E-0S 

(4.49E-0S  1 

2.47E-OS 

1 1.86E-0S 

54  30 

7 .02C-0S 

I4.48E-0S  ) 

1.91E-0S 

1 l. BSE- OS 

5460 

6.49E-0S 

I4.46E-0S  ) 

1 1 .9 1E-0S  1 

( 1.8SF-0S 

5490 

S.96L-0S 

I4.4SE-0S  1 

( 1.90E-0S  1 

1 1.84E-PS 

5520 

(5.94E-0S 

1 I4.44C-0S  ) 

1 1.90E-0S  I 

1 1.8JE-0S 

5550 

(S .92 t -OS 

1 (4.42E-0S  1 

1 I.B9C-0S  1 

1 1.87E-OS 

5580 

IS.90C-0S 

I I4.41E-0S  I 

1 l.HBE-OS  ) 

1 1.82E-0S 

5610 

IS.BHE -OS 

) (4.19E-0S  1 

( I.B8E-0S  1 

( 1 • (I2F-0S 

5640 

(5.H6C-0S 

1 (4.J8E-0S  1 

( 1.R7F-0S  1 

1 1 .B1E-0S 

56  70 

1 S . 8 4 E -0  S 

) I4.J7E-0S  1 

t t .87E-0S  1 

1 l.  R1E-0S 

5700 

IS.B2E-0S 

) I4.1«r-0S  | 

1 1.B6E-0S  1 

1 l • HOE- OS 

must  data 

alt 

270 

TOO 

J >0 

870 

LAST  OATA 

alt 

S490 

S 1 60 

S4  TO 

SOTO 

FLIGHT  NO.  C-391 
EQUIVALENT  ATTENUATION  LENGTH 


(JOB  6389  DATE  09/  10/771 
DATE  102676  FLIGHT  NO.  C-391 


GROUND  LEVEL  AITTTUD'  |M|. 


ALTITUOE 


6JUIVAL6NT  ATTENUATION  L ENGTH 


0 

8. 13E 

02 

4.60E 

02 

1.206 

03 

1.326 

01 

TOO 

8.66E 

02 

9.75E 

02 

1.216 

01 

1.366 

01 

600 

8.65E 

02 

9.8RE 

02 

1.216* 

03 

1.  356 

03 

900 

9.60E 

02 

1.216 

<n 

1.396 

01 

1.516 

01 

1200 

1 .26E 

03 

1.586 

01 

1.836 

03 

2.006 

01 

1500 

1.51E 

03 

1.91E 

01 

2.266 

01 

2.67E 

01 

1800 

1.77E 

03 

2.266 

01 

2.666 

01 

2.936 

03 

2100 

2.01E 

03 

2.54  6 

01 

3.C9E 

01 

1.  196 

01 

2600 

2.256 

01 

2.90E 

01 

1.686 

01 

3.816 

01 

2700 

2.67E 

03 

3.21E 

01 

3.886 

01 

6.276 

03 

3000 

2.69E 

01 

1.50E 

01 

6.276* 

01 

6.  116 

01 

5100 

2.90E 

01 

3 . 796 

01 

6.656 

01 

5.  166 

03 

1600 

l.UE 

0 1 

6.0/6 

01 

5. 026 

0 1 

5.566 

Cl 

3900 

3.306 

03 

6.356 

01 

5.396 

03 

5.986 

03 

6200 

3.69E 

01 

6.616 

01 

5.756 

01 

6.  196 

01 

6500 

1.6BE 

03 

6.886 

01 

6.106 

01 

6.80E 

03 

6800 

3.866 

03 

5.136 

03 

6.656 

01 

7.196 

01 

5100 

6.03E 

03 

5.386 

01 

6.796 

03 

7.596 

01 

5600 

6.20E 

01 

5.616 

01 

7.  13E 

01 

T.97E 

01 

5700 

6.37E 

03 

5.866 

Cl 

7.6TE 

01 

8.366 

Cl 

FLIGHT  NO.  C-391 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


IITUOE 

VERTICAL  «6A« 

transmitt  ance 

FRO*  GROUND  TO 

ALTITUOE 

1 HI 

filters  2 

6 

3 

5 

0 

1 .006  00 

1.006  00 

l.L'OL  0O 

1.006  00 

100 

7.01C-01 

7.356-01 

7. 8 It*  0 1 

7.99E-01 

600 

5.006-01 

8. 65E-01 

6.C9E-01 

6.626-01 

900 

3.91C-0  1 

6.756-01 

5.266-01 

5.516-01 

1200 

1.816-01 

6.676-01 

5.196-01 

5. 686-01 

1500 

3.716-01 

6.60E-01 

5.156-01 

5.666-01 

1800 

1.616-01 

6.516-01 

5.106-01 

5.616-01 

2100 

3.526-01 

6.666-01 

6. 066-01 

5.  386-01 

2600 

3.616-01 

6.376-01 

5.026-01 

5.  156-01 

2700 

3.166-01 

6, 31E-01 

6.596-01 

5.  126-01 

1000 

1.28E-01 

6.256  01 

6.95C-01 

5.296-01 

3300 

1.216-01 

6.196-01 

6.926-01 

5.266-01 

3600 

1.166-01 

6.116-01 

6.886-01 

5.2  36  - 01 

1900 

1.076-01 

6.086-01 

6.656-01 

5.216-01 

6200 

1.016-01 

6.026-01 

6.826-01 

5.  196-01 

6500 

2.966-01 

1.976-01 

6. 786-01 

5.166-01 

6800 

2.886-01 

3.916-01 

6.75C-01 

5.1  16-01 

5100 

2.8  26-01 

1.876-01 

6.726-01 

5.116-01 

5600 

2.776-01 

3.826-01 

6.696-01 

5.086-01 

5700 

2.726-01 

1.776-01 

6.666-01 

5.056-01 

FLIGHT  C-392  - 1 NOVEMBER  1976  - DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Data  Interval 

Solar  Zenith  Angle 

Flight 
Altitude 
(meters) 
(min)  (max) 

Average 

Terrain 

Elevation 

(meters) 

Filter 

Ident 

— 

Start 

(GMT) 

Er  -1 
(GMT) 

Elapsed 
(hrs)  (min) 

Initial 

(degrees) 

Solar 

Transit 

(degrees) 

Final 

(degrees) 

2,3 

— 

1115 

1208 

0 

53 

67.6 

68.6 

420 

1410 

18  | 

4,5 

1212 

, — - 

1253 

0 



41 

68.7 

71.0 

360 

1170 

If i 

Flight  C-392  was  an  afternoon  flight.  Multiple  cloud  layers  varied  from  broken  to  overcast. 

The  approximate  northeast  to  southwest  Meppen  track  was  located  between  Oldenburg  and  Lathen  in 
northwestern  Germany.  Typical  terrain  features  were  heavily  cultivated  low  lying  flat  farmlands  inter- 
spersed with  occasional  dark  woods  and  small  towns. 

The  inflight  observer  reported  scattered  clouds  at  1500  meters  (5000  feet),  7 8 altocumulus 
at  5400  meters  (18  000  feet),  7 8 cirrus  at  6000  meters  (20000  feet).  By  1345  GMT  the  lower 
clouds  were  scattered  to  broken  at  2100  meters  (7000  feet),  the  altocumulus  was  unchanged 
and  the  cirrus  had  increased  to  overcast.  Conditions  worsened  at  the  east  end  with  the  lower 
broken  layer  having  tops  of  2400  meters  (8000  feet)  and  increasing  to  overcast  by  1412  GMT. 
Moderate  haze  was  observed  throughout  the  track  and  the  period. 

Twente.  west  of  the  track,  reported  1 8 stratocumulus  at  1500  meters  (5000  feet)  and  7 8 alto- 
cumulus at  2400  meters  (8000  feet)  at  1000  and  1100  GMT.  The  stratocumulus  lowered  to 
750  meters  (2500  feet)  by  1200  GMT  and  the  altocumulus  raised  to  3600  meters  (12000  feet). 

By  1229  GMT  the  stratocumulus  increased  to  6 8 coverage  at  630  meters  (2100  feet)  and  gradu- 
ally lowered  to  540  meters  (1800  feet)  by  1400  GMT.  The  altocumulus  layer  increased  to 
overcast  and  gradually  lowered  to  2700  meters  (9000  feet) through  the  afternoon.  Visibility 
was  6 to  8 kilometers  in  haze. 

Lingen,  south  of  the  track,  reported  5 8 stratocumulus  at  1200  meters  (4000  feet)  and  6 8 
altocumulus  at  2700  meters  (9000  feet)  with  visibility  4.2  kilometers  in  light  fog  at  1100  GMT. 
Conditions  improved  to  3 8 cumulus  and  stratocumulus  at  450  meters  (1500  feet).  5 8 alto- 
cumulus at  3000  meters  (10000  feet),  visibility  7 to  8 kilometers  in  haze.  At  1500  GMT  there 
was  5 8 stratocumulus  at  750  meters  (2500  feet),  overcast  altocumulus  at  2700  meters  (9000 
feet)  and  visibility  10  kilometers. 

Oldenburg  and  Ahlhorn,  east  of  the  track,  include  ceiling  and  visibility  data  in  their  reports 
but  no  cloud  types  or  amounts.  At  Oldenburg  the  ceilings  were  reported  from  1200  to  1500 
meters  (4000  to  5000  feet)  and  visibility  5 to  7 kilometers  with  haze.  Ahlhorn  reported  ceilings 
1500  to  2700  meters  (5000  to  9000  feet)  and  visibility  6 to  7 kilometers  in  haze. 

The  radiosonde  station  at  Rheine  Waldhugel  was  approximately  81  kilometers  south  of  the 
flight  track  center  point,  but  no  data  were  taken  on  this  date. 

The  surface  chart  for  1200  GMT  had  a weak  ridge  with  its  axis  through  eastern  Germany.  From  a 
960-millibar  low  centered  south  of  Iceland  an  occlusion  extended  east  and  south-southeast  through  the 
western  part  of  the  North  Sea  then  as  a cold  front  south  and  south-southwest  through  western  France  and 
northwestern  Spain  and  Portugal  into  the  Atlantic.  At  500  millibars  there  was  a low  over  western  Finland 
A weak  gradient  prevailed  over  western  Europe  with  light  to  moderate  westerly  winds.  The  airmass  was 
stable  maritime  polar. 


7-26 


f 


FLIGHT  NO.  C-392 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  *3*1  DATE  06/23/77) 
DATE  110176  FLIGHT  NO.  C-392 


GROUND  LEVEL  ALTITUDE  l*>= 


IN) 

FILTERS  2 

* 

3 

5 

0 

(3.98E-0*  ) 

(6.38E-0*  ) 

I 5.12E-0* 

) 

(3.25E-0*  ) 

30 

(3.96E-0*  ) 

(6.35E-0*  1 

( 5.09E-0* 

1 

I3.23E-0*  > 

60 

I3.95E-0*  ) 

(6.33E-0*  ) 

( 5. ORE-O* 

1 

1 3.23E-0*  1 

90 

!3.9*E-0*  ) 

(6.32E-0*  ) 

( 5.07E-0* 

) 

I3.22E-0*  1 

120 

(3.93E-0*  1 

I6.30E-0*  ) 

(5.C6S-P* 

) 

I3.21E-0*  ) 

150 

I3.92E-0*  ) 

(6.28E-0*  ) 

(5.0*C-0* 

) 

I3.20E-0*  ) 

180 

(3.91E-0*  1 

I6.27E-0*  ) 

(5.03E-0* 

) 

(3.19E-0*  ) 

210 

I3.90E-0*  ) 

I6.25E-0*  ) 

1 5.C2E-0* 

) 

13.  19E-0*  ) 

2*0 

(3.89E-0*  ) 

(6.23E-0*  1 

1 5.  COE-O* 

) 

13.1RE-0*  1 

270 

I3.88E-0*  ) 

I6.22E-0*  1 

< *.S9E-0* 

1 

I3.17E-0*  ) 

3 00 

I3.87E-0*  ) 

I6.20E-0*  1 

( *.98E-0* 

J 

(3.16E-0*  ) 

330 

(3.R6E-0*  ) 

(6.19E-0*  ) 

( *.36E-0* 

1 

I3.15E-0*  ) 

360 

(3.85E-0*  1 

6. 17E-0* 

I*. 956-0* 

J 

13.1*E-0*  ) 

390 

13.8*E-0*  ) 

5.93E-0* 

*.9*E-0* 

13.1*E-C*  ) 

*20 

13.83E-0*  ) 

5.70E-0* 

5.22E-0* 

(3.13E-C*  ) 

*50 

3.82E-0* 

*.830-0* 

5. 11E-0* 

I3.12E-0*  ) 

*80 

3.76E-0* 

*.*RE-0* 

* .C7E- 0* 

3.11E-C* 

510 

3.11E-0* 

*.02E-0* 

3 • 3 RE— 0* 

3.010-0* 

5*0 

3.0*r-0* 

*.12E-0* 

2.77E-0* 

2.R1E-0* 

570 

2.85E-0* 

2.90E-0* 

2.27E-0* 

2.63E-D* 

600 

2.72E-0* 

2.29E-0* 

1.92E-0* 

2.  7 7E-C* 

630 

2.*5E-0* 

2.03E-0* 

1.76E-0* 

2.31E-0* 

660 

2. 19E-0* 

1. 7SE-0* 

l.ROE-O* 

1.86E-0* 

690 

2.0AE-0* 
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FLIGHT  NO.  C 392 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 
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FLIGHT  C 393  2 NOVEMBER  1976  DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 
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Flight  C 393  was  a midday  flight  spanning  local  apparent  noon.  Multiple  cloud  layers  varied  from 
broken  to  overcast.  Light  rain  occurred  after  1200  GMT. 

The  approximate  northeast  to  southwest  Meppen  track  was  located  between  Oldenburg  and  Lathen  in 
northwestern  Germany.  Typical  terrain  features  were  heavily  cultivated  low  lying  flat  farmlands  inter 
spersed  with  occasional  dark  woods  and  small  towns. 

The  in-flight  observer  reported  initial  conditions  of  460  meters  (1600  feet)  scattered  strato- 
cunuilus,  2400  meters  (8000  feet)  broken  altostratus  and  overcast  cirrus  at  the  east  end  of  the 
track.  At  the  west  end  there  were  450  meters  (1500  feet)  scattered  stratocumulus  and  1500 
meter s (5000  feet)  overcast  altostratus.  At  the  end  of  the  period  the  east  end  had  450  meters 
(1500  feet)  scattered,  1500  meters  (5000  feet)  overcast;  the  west  end  was  scattered  variable 
broken  stratocumulus  at  450  meters  (1500  feet)  and  overcast  altostratus  at  1500  meters  (5000 
feet).  Along  the  track  the  450  meter  (1500  foot)  deck  was  variably  scattered  to  broken. 

Lingen.  south  of  the  track,  reported  6 8 cumulus  at  450  meters  (1500  feet)  at  0900  GMT.  The 
ceiling  gradually  improved  to  1140  meters  (3800  feet)  by  1100  GMT  and  the  low  layer  of  clouds 
decreased  to  4 8 at  1050  meters  (3500  feet)  at  1200  GMT.  A 7 8 layer  of  altocumulus  at  3300 
meters  (11  000  feet)  was  reported  at  1200  GMT  and  6 8 altocumulus  at  1800  meters  (6000  feet) 
was  observed  at  1300  GMT.  Visibilities  ranged  from  12  to  18  kilometers  with  very  light  rain 
after  1200  GMT. 


Twente.  west  of  the  track,  reported  4 8 cumulus  and  stratocumulus  at  450  meters  (1500  feet). 

6 8 to  8 8 thin  altocumulus  at  3600  meters  (12000  feet)  through  the  morning.  At  1200  GMT  the 
altocumulus  layer  had  thickened  and  was  at  2700  meters  (9000  feet).  Visibilities  were  8 to  10 
kilometers  with  light  fog  and  light  rain. 

Oldenburg  and  Ahlhorn.  east  of  the  track,  include  ceiling  and  visibility  data  in  their  reports 
but  no  cloud  types  or  amounts.  At  Oldenburg  the  ceiling  data  indicated  variable  amounts  of 
lower  clouds  at  600  to  1200  meters  (2000  to  4000  feet)  and  visibility  8 to  11.2  kilometers.  At 
Ahlhorn  the  low  layer  was  1200  to  1350  meters  (4000  to  4500  feet)  with  visibility  11.2  km. 

The  radiosonde  station  at  Rhoine  Waldhugel  was  approximately  81  kilometers  south  and  up 
stream  of  the  flight  track  center  point. 

On  the  1200  GMT  surface  chart  a 972  millibar  low  southeast  of  Iceland  was  filling  and  moving  slowly 
eastward.  A rapidly  moving  occlusion  was  along  G'o'teborg  Szc*el in  Bayreuth  Turin-Cordoba  line  and  south 
westerly  to  the  Atlantic.  A trough  line  paralleled  the  front  from  the  North  Sea  to  Haarlem  Gent  Paris  line. 
At  500  millibars  there  was  weak  ridging  over  Poland  and  troughing  over  Ireland  with  moderate  wostsouth 
westerly  flow.  The  airmass  was  unstable  maritime  polar. 
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FLIGHT  C 394  18  NOVEMBER  1976  DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 
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Flight  C 394  was  an  afternoon  flight  commencing  slightly  after  local  noon  Theie  was  a solid  deck 
of  low  clouds  along  the  flight  path. 


The  approximate  north  to  south  Rodby  truck  was  located  along  the  east  shore  of  Langeland 
Island.  Denmark  Typical  terrain  features  along  the  nearby  coast  west  of  the  track  were  flat  cultivated 
farmlands  interspersed  with  occasional  woods  and  small  towns.  Directly  beneath  the  track  and  to  the  east 
were  the  relatively  shallow  wateis  of  Langeland  Bay 

The  in  flight  observer  reported  overcast  stratocumulus  with  bases  1060  to  1200  meters  (3500 
to  4000  feet)  and  overcast  cirrostratus  at  6600  meters  (22 (XX)  feet).  The  visibility  was  5 miles 
in  ha/e.  The  ha/e  thickened  at  the  extreme  southern  end  of  the  track  and  the  flight  line  was 
moved  10  miles  farther  north.  The  observer  reported  overcast  stratocumulus  with  liases  at 
1050  meters  (3500  foot)  on  this  alternate  flight  track. 

At  Fehmarnbelt.  southeast  of  the  track,  overcast  stratocumulus  were  reported  at  990  meters 
(3300  feet ) and  visibility  of  20  kilometers  at  0900 GMT  decreased  to  10  kilometers  by  1200GMT 

Kegnaes.  west  of  the  track,  reported  overcast  cumulus  and  stratocumulus  at  660  meters  (2200 
feet)  at  0900  GMT  and  at  750  meters  (2500  feet)  at  1 200  GMT  By  1500  liMT  the  lowei  layei 
was  absent  and  there  was  5 8 cirrus  at  6000  meters  (20000  feet).  Visibility  varied  from  6 to 
8 kilometers  in  light  fog. 

The  radiosonde  station  at  Schleswig  was  approximately  106  kilometers  west  of  the  flight  track 
center  point  on  a line  that  ran  crosswind  to  the  prevailing  airflow. 

At  1200  GMT  the  surface  chart  showed  a high  centered  over  Scotland  that  coveted  Bntain  and  the 
Scandinavian  peninsula.  Widespread  ground  fog  and  cumulus  with  stratocumulus  were  charted  over  Sean 
dinavia  and  eastern  Europe.  There  was  also  a filling  low  in  Sicily  with  a cold  front  extending  into  Libya 
At  500  millibars  there  was  a low  over  eastern  Poland  with  a weak  gradient  ovei  western  Europe.  Light  to 
moderate  northwest  to  north  flow  was  over  the  flight  region.  The  air  mass  was  stable  maritime  polai 
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Flight 

Average 

Solar 

Altitude 

Terrain 

Filter 

Start 

End 

Elapsed 

Initial  Transit 

Final 

(meters) 

Elevation 

Ident 

(GMT) 

(GMT) 

(hrs'  (min) 

(degrees)  (degrees) 

(degrees) 

(mm)  (max) 

(meters' 

2 3 

1150 

1319 

1 29 

75.0 

79.9 

300  4440 

0 

4 5 

125b 

1422 

1 2b 

782 

85.8 

300  4440 

0 
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Flight  C 395  was  an  at  tor  noon  flight  commencing  ohortly  after  local  apparent  noon.  Thin  Broken  ami 
high  clouds  gradually  increased  in  amount  and  opacity  through  the  afternoon 


Tire  approximate  southeast  to  northwest  Rodhy  track  was  located  south  of  Lolland  Island  Denmark. 
Typical  terrain  features  along  the  nearby  coast  to  the  north  of  the  track  were  flat  cultivated  farmlands 
interspersed  with  occasional  woods  and  small  towns  Directly  beneath  the  track  and  to  the  south  were 
the  relatively  shallow  waters  of  Femer  Bav 


The  in  flight  observer  reported  thin  broken  altostratus  at  5400  meters  (18000  feet)  and  3 8 
thin  cirrus  with  the  altostratus  deck  increasing  in  extent  and  density  occasionally  breaking 
up  for  short  per iods  Visibility  was  noted  as  b to  10  miles  with  light  ha/e.  At  times  thoie 
was  no  discernible  ha/e  ovet  the  eastern  portion  of  the  track  while  brown  gray  ha/e  was 
observed  in  the  western  portion 

At  Fehmarnbelt.  south  of  the  track  2 8 thin  cirrus  was  observed  at  7500  meters  (25000  feet) 
at  1300  GMT  and  7 8 stratocumulus  at  1 500  meters  (5000  feet'  was  reported  at  1500  GMT  Vis 
tbility  was  reported  as  10  kilometers  at  1 300  GMT  and  20  kilometers  at  1500  GMT 

Kegnaes  located  west  of  the  western  end  of  the  truck  reported  3 8 altocumulus  at  5400 
meter s (18000  feet)  and  5 8 thin  cirrus  at  7500  meters  (25000  feet).  Visibility  tanged  tiom 
15  to  20  kilometers. 

Tire  radiosonde  station  at  Schleswig  was  approximately  10b  kilometers  west  of  the  flight  track 
center  point  on  a line  that  tan  crosswind  to  the  prevailing  airflow 

Tlie  surface  chart  for  1200  GMT  had  a 1044  millibar  high  centered  in  the  Irish  Sea  which  had  strength 
ened  in  the  past  24  hours  and  was  dominating  all  of  Europe  At  500  millibars  there  was  a trough  from 
Finland  through  Latvia  and  a high  moving  from  the  Atlantic  towards  Ireland.  Moderate  to  strong  northerly 
flow  was  over  the  region  of  the  flight  The  aumass  was  unstable  maritime  polai. 
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SYMBOL  FILTER 


SYMBOL  FILTER 


EQUIVALENT  ATTENUATION  LENGTH  IMI 


TOTAL  VOLUME  SCATTERING  COEFFICIENT  (PER  M> 
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FLIGHT  NO.  C-395 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  AII8  EATE  0 6/2A/77) 

DATE  U1R76  FLIGHT  \C.  C-IR5  GROU.NO  LEVEL  AL  1 f TUDr  (Ml*  O 


ALTITUDE  total  VOLUME  SCATTER  INL.  COEFFICIENT  (PER  M) 
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FLIGHT  NO.  C 395 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 
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FLIGHT  NO.  C 395 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 
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FLIGHT  C 397  23  NOVEMBER  1976  DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 
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Flight  C 397  was  an  afternoon  flight.  Low  and  high  cloud  layers  were  present  with  snow  and  rain 
showers  in  tin?  area. 

The  approximate  northeast  to  southwest  Meppen  track  was  located  between  Oldenburg  and  Lathen 
in  northwestern  Germany.  Typical  terrain  features  were  heavily  cultivated  low  lying  flat  farmlands  inter- 
spersed with  occasional  dark  woods  and  small  towns. 

The  in-flight  observer  noted  patches  of  thin  water  clouds  from  1500  to  1800  feet,  light  haze 
and  snow  showers  throughout  the  area.  By  1300.  GMT  clouds  were  moving  into  the  track  with 
(vises  2000  feet  and  tops  10  000  feet.  There  were  some  clear  areas. 

Lingen.  south  of  the  track,  reported  3 8 cumulonimbus  at  450  meters  (1500  feet)  at  1100  GMT. 
visibility  was  35  kilometers.  Tire  1200  GMT  report  was  missing.  At  1300  GMT  and  thereafter 
6 8 cirrostratus  at  6000  meters  (20000  feet)  were  present  in  addition  to  the  low  clouds. 
Visibility  of  30  kilometers  at  1300  GMT  reduced  to  20  kilometers  at  1400  and  1500  GMT.  The 
observations  noted  distant  rain  showers. 

Oldenburg,  west  of  the  track,  included  ceiling  and  visibility  data  in  the  hourly  reports  but 
no  cloud  types  or  amounts.  Scattered  variable  broken  low  clouds  at  450  meters  (1500  feet) 
were  reported  with  occasional  rain  and  snow  showers.  Visibility  ranged  from  7.0  to  11.2  km. 

The  radiosonde  station  at  Rheine  Waldhugel  was  approximately  81  kilometers  south  and  down- 
stream from  the  flight  track  center  point. 

The  surface  chart  for  1200  GMT  showed  that  a secondary  low  had  formed  near  Leningrad  with  a 
pressure  of  992  millibars.  From  this  low  a cold  front  extended  south  and  southwest  to  another  low  cen 
tered  near  Athens.  This  low  was  partially  blocking  the  1038  millibar  high  located  at  49N  16VV  from  moving 
into  Ireland  and  was  shunting  it  towards  France.  At  500  millibars  there  was  a trough  over  eastern  Latvia 
with  ridging  west  of  Ireland  that  produced  moderate  to  strong  northwesterly  flow  The  airmass  was  un 
stable  maritime  polar. 
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1.6*1  - OS 

l . l*’.  - PS 

WTO 

S.08l  OS 

2.  VM.-P* 

l .<  1C-0S 

l.VU  - 0* 

l * 80 

S.A21 -OS 

2. 2*6-0 * 

1.2  ir-os 

wm  o* 

2010 

l.**l  os 

2.1'Jf  -Os 

1 . IaI  - OS 

I.aOC  - C* 

20  a 0 

A . 6 A L -0  S 

2 .2*1-0 s 

i. r*r- os 

l.  16»  - CS 

20  fO 

A.'JSI  OS 

1.0*1 -os 

2.  1 11-0* 

l.  121  - Os 

2100 

s • 261  Os 

2 .1ST -os 

1.6  Fl  - '* 

l.  1*1  - OS 

21  TO 

' .*2»  -os 

2. 226-0* 

t . H6C-0* 

WlOt  0* 

2160 

a .osr -os 

2. 1*6-0* 

l . 16C-0* 

'J.  Ill  - 06 

2 WO 

s • 20 1 -06 

2 • 6 1 e - o s 

l.Afl-O* 

l . 2v»l  -0* 

2220 

« ,*6f  OS 

2.S/F-0S 

l . F IC-OS 

1.1  Ff  - CS 

22*0 

s •**  c -0  S 

2 .*•*  6-0* 

l .2M- OS 

1.0 it  - cs 

22*0 

s*0*l  -Os 

2. AO 6-0* 

1 . 101  - os 

F.  *71  -06 

2 HO 

S • 20 1 -Os 

2.‘JSf  - CS 

1.601  -<>•» 

1.2 At  - OS 

2 UO 

*.  Ill  os 

2. 226-OS 

i wor-os 

l . 1 *1  - cs 

2 1 f 0 

S ,0*t.  -os 

2 • 60 l-O* 

l • 161.-0* 

l . 2 21 ' 0s 

2600 

A. Opt  -OS 

2.*  11 -Os 

l.  fAl  - OS 

l . OAt  - os 

2*  10 

A. 261 -OS 

2. 126-0* 

l.MI-Os 

*J  • 121  -06 

2*60 

A .A  It -OS 

2.A26-C* 

l .656- C* 

t . 006  - Cs 

2 A ^0 

1 . F 1*  -OS 

2.  W6-0* 

l . 1*1- os 

F • S')|  t'f 

2*20 

S • 061  OS 

2.02r-0s 

1 . ior-os 

'J.  6 If  06 

2*  SO 

A.SAt  *0* 

2.621 -OS 

UJH  0! 

'3.  6Al  - *'«• 

2**0 

4.  1S(  OS 

2 . SO  ♦ • C s 

1 .611-0* 

1 .0*1  - Cs 

2M0 

a • S 2 1 -Os 

2.  f 06-Os 

l.AM  -os 

F.  1 FI  -06 

26  A 0 

A • s «*  J -Os 

2 . 6 6 1 -O’* 

1.6  1C-0* 

l.o*»i  0* 

26  fO 

1 % S 1 1 ‘OS 

2* f 26-0* 

l • A 16—  0* 

1.1M  - Cs 

100 

1 • a a L -OS 

2. *26-0* 

1.2 1C- OS 

l • 021  -0* 

2 no 

l.*ic  -OS 

2.026 -Os 

1.SSI  -os 

'‘Mil  - Oli 

2 f 60 

a «6sr  -os 

2 * 2*1-0* 

l.AAC-0 * 

*.  *'H  -06 

2 f*0 

A *6  ft  -OS 

2 % 6*6-0* 

l.  126-0* 

* • 2 *C  -06 

2*20 

A .6*6  -OS 

2 % a t r - 0 * 

6.  12C-06 

'3. 6U  -06 

2*  SO 

a « roi  -os 

2%0f 6-0* 

1.0*1  -os 

UP"  0* 

28*0 

1.6*1  -OS 

2%56C-0* 

I.A2C-0S 

*•6 Of  -06 

2*10 

a ,s»i  -Os 

2%l  ir-os 

l.c  rc-os 

'3.  lAl  -06 

2**0 

l.Sff  -OS 

K«mc-o* 

l ••*C-o* 

1 • l A 1 - p s 

2*  fO 

1.  1S|  -OS 

t %‘j/r-os 

1.02;  - Os 

l • 0 1 r - 0 S 

1000 

1*66! -OS 

2.011-0* 

WOK-OS 

l.  l'»l  - os 

7 48 
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FLIGHT  NO.  C- 397 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


I JUt)  MU  TAU  06 

OATE  U2T76  FLIGHT  ' 0.  C-V77  GROUNP  LEVEL  ALfTLinr  («), 


ALT!  TCOE 

total 

VrLU‘<E  SCATTERING  COEFFICIENT 

( PER  F’l 

(“1  Fit  TEKS 

A 

T 

s 

JO  JO 

1 .976-05 

1 .rre-os 

l.FJE-OS 

7. ATE-06 

J060 

1.286-05 

2.  1SE-0S 

1 . 10E-0S 

1.21E-0S 

1090 

4.  14C  -05 

2.  19  E-OS 

1.27E-05 

8.SOE-06 

1120 

1.74C  -08 

2.05E-05 

l.SSE-05 

7.SRE-C6 

1150 

1.  UC -08 

2.O2F-0S 

1 .tic-os 

1.09E-CS 

1180 

4.47G-05 

2.  i*e-os 

1.S7E-0S 

1.21E-PS 

1210 

4.67005 

2.27E-0S 

1.  1 TE-OS 

8. 1 RE-06 

1240 

1.11005 

l • 9 7F-0S 

9.0SE-06 

l.OSE-OS 

12  70 

2.48005 

2.  J9E-0S 

1. ORE-OS 

7.*2E-06 

JJOO 

2.176-05 

2.  JOE-OS 

i.*9r-os 

7.99E-0fe 

1110 

1.06008 

2.01E-0S 

1.  '8E-05 

6.  7RE-06 

1160 

1.4  IE-05 

2. JOE-OS 

9.21E-06 

1.21E-CS 

J HO 

4 • 2 IE -05 

1 . 79E-0S 

l.ME-05 

l.OAE-OS 

3420 

1.8  jr  -05 

l .6RF-0S 

1.  3HE-0S 

9.2SE-C6 

1450 

1.0  8005 

W9MF-0S 

M.69E-06 

9.8  7E-06 

1480 

1.  19C-08 

2.09E-OS 

1 . 16E-0S 

l.OSE-OS 

1510 

J.70E-05 

1 .96  E-Os 

1 .**t-0S 

1 . 1SE-CS 

15*0 

1.21E-0S 

2.02E-0S 

1.S1F-0S 

1.2SF-0S 

15  70 

1.156-05 

2.09E-OS 

1.  12C-0S 

9.  TOE -06 

1600 

J.49E-08 

2 .07E-OS 

1 .2SE-0S 

6.  I6E-06 

16  JO 

4.2  7005 

2.ISE-0S 

1.  M>E-OS 

S.  1 IE-  06 

1660 

4.02E-05 

2.0 1E-0S 

1.S1F-0S 

7.  06F-06 

1690 

1.766-05 

1.90E-0S 

R.9RE-06 

1.01E-0S 

1720 

1 • 20t -0  5 

2.i2t-os 

1 . IRE-OS 

9.9RE-C6 

1750 

1. J4E -05 

2.  o/r-os 

l.OSE-OS 

S.  7TE-06 

1780 

4.08T -05 

2.2*E-0S 

1.  T6E-0S 

R.20C-0& 

1810 

1 .026-05 

2.SIC-0S 

1.09E-05 

l.OSE-OS 

J840 

1.186-05 

2. OOF-OS 

1.  THE-05 

6.06E-06 

18  70 

l.Olf  -05 

1.9  TE-OS 

1.S2F-0S 

1.  ORE-OS 

1900 

1.5  IE -05 

2.A7E-05 

1.  16E-0S 

i. he-os 

1910 

1.40* -05 

l.RSF-OS 

8.91E-06 

7. 0 IE -06 

1960 

1.2600* 

l.RSE-OS 

1.06E-0S 

6.  1 IE- 06 

1990 

1.  12E  -0  5 

l.RSF-OS 

1.22E-OS 

R. 9SE-06 

4020 

1.  17C-05 

1. USE-OS 

1. ORE-OS 

9.02E-06 

4050 

1.89* -05 

2.2  TE-CS 

1.26E-OS 

9. I9E-06 

4080 

1.27005 

i.rse-os 

l.  UE-OS 

9.77E-06 

41  10 

1.40E  -05 

2.  IAt-OS 

9.29E-06 

1.  10E-0S 

4140 

1.8  1C-05 

1.7RE-0S 

1.  IRE-05 

7.  8AE-06 

4170 

2 .86E-05 

2.1  TE-ps 

1.  16E-0S 

9.0AE-06 

4200 

5.7  IE -0 5 

2.AAF-0S 

1.  16E-0S 

1.26F-0S 

4210 

4.9*1-05 

2.22E-OS 

1.  1SE-05 

1.09E-0S 

4260 

1.  566-05 

1.9TE-0S 

1.  l*E-05 

9.  ISE-C6 

4290 

i 1.556-05 

1 2.T*E-0S 

l.  1 JE-OS 

T 9.  12E-06 

4120 

11.5*6-05 

1 2.0SE-0S 

l.  12E-0S 

(9.09E-06 

4150 

* 1.5  ir  -os 

1 12. OAF-OS  1 

1 l.  12E-0S  1 

t 9.  06E-06 

4380 

I 1.526-05 

1 (2.0U-0S  | 

1 1.  12E-PS  ) 

T 9.  OAE-06 

4410 

1 1. 516-05 

1 (2.0TE-CS  1 

1 1.  UE-OS  1 

(9.01E-06 

4440 

<1.496 -05 

1 1 2.02E-0S  1 

( 1.  UE-OS  ) 

1R.9RE-06 

44  70 

1 1.48T -05 

1 I2.01C-0S  1 

1 l.llE-05  ) 

t 8.9SE-06 

4500 

1 1.47C-05 

1 12.01  E-OS  1 

1 1.10E-0S  1 

1 R.92E-C6 

FIRST  OATA  ALT 

330 

J60 

U0 

SOO 

last  data  alt 

4260 

A »20 

♦ »20 

*260 

(JOB  4)U  CATE  06/2*/77) 


CATE  1 IE 

*76  ft  1 GMT 

AC. 

C—  39  t 

GROUND 

LEVEL  . 

AL  T 1 T’JOc  IM). 

ALT! TUOE 
1*) 

FILTERS 

^OUIVALENT 

2 

ATTENUAT ION  LENGTH 

A 3 

(“i 

3 

0 

7 .ROE 

0 3 

1.71E 

C A 

l.AAE 

OA 

2.  CHE 

OA 

TOO 

R.01E 

0 5 

1.7AF 

OA 

1.66E 

OA 

2.  11E 

OA 

600 

9.30E 

03 

1.69E 

OA 

1.56E 

OA 

1.95E 

OA 

<»00 

1.07C 

OA 

1.81E 

OA 

1.79E 

OA 

1.96E 

OA 

1200 

7.62C 

05 

1.96C 

OA 

2.01E 

OA 

2.  17E 

OA 

isoo 

3.92E 

05 

2.  1 IE 

OA 

2.I9C 

OA 

2.29E 

OA 

1000 

A.27E 

03 

2.25C 

OA 

2.62E 

OA 

2.50E 

OA 

2100 

6.R1C 

03 

2.39E 

OA 

2.66E 

OA 

2.  76C 

OA 

2A00 

S.32E 

03 

2.51E 

OA 

2.  RTF 

OA 

3.02E 

OA 

2700 

5.R2S 

0 3 

2.6TF 

OA 

3.C6E 

OA 

3. 2 RE 

OA 

*000 

6.  JOE 

03 

2.7*C 

OA 

3.27F 

OA 

3.32C 

OA 

3300 

6 . 78E 

03 

2.RSE 

OA 

7.65E 

OA 

T.76E 

OA 

7600 

7.2AC 

0 3 

2.95E 

0 A 

3.62E 

OA 

1.95E 

OA 

MOO 

7.68E 

03 

3.06E 

OA 

3.77E 

OA 

6. 176 

Ca 

6200 

R.10E 

03 

3.  HE 

OA 

3.93E 

OA 

6.  36E 

OA 

6500 

B.50E 

03 

7.20E 

OA 

6. ORE 

OA 

6.56E 

OA 

FLIGHT  NO.  C-397 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUOE 

VERTICAL  BEAR 

TRANSMITT4NCE 

FROM  GROUNO  TO 

ALTITUDE 

INI 

FILTERS  2 

6 

3 

S 

0 

l.OOE  00 

l.OOE  00 

l.COE  CO 

l.OOE  00 

300 

9.63E-01 

9.B3E-01 

9. 80E-01 

9.86E-01 

600 

9.78E-01 

9.65E-01 

9.62E-01 

9.  TOE-Ol 

*00 

9.19E-01 

9.51E-01 

9.SIE-01 

9.55E-01 

1200 

8.SIE-01 

9.AIE-01 

9.62E-01 

9.65E-01 

ISOO 

6.82E-01 

9.31F-01 

9.  36E-01 

9.37E-01 

IBOO 

6.56E-01 

9.23E-01 

9.28E-01 

9. TIE-01 

2100 

6.66E-01 

9.16E-01 

9.26E-01 

9.27E-01 

2600 

6.37E-01 

9.09E-01 

9.20E-01 

9.26E-01 

2700 

6.29E-01 

9.02E-01 

9.16E-01 

9.21E-01 

3000 

6.21E-01 

8.96E-01 

9.12E-01 

9.  18E-01 

3100 

6.16E-01 

R.41E-01 

9.09E-01 

9.16E-CI 

3600 

6.08E-01 

8.85F-01 

9.05E-01 

9.  13E-01 

3*00 

6.02E-01 

8.80E-01 

9.02E-0 1 

9.1  IE-01 

6200 

5.46E-01 

8.76E-01 

8.99E-0I 

9.  ORE-01 

6500 

5.89E-01 

8.69E-01 

8.96E-01 

9.06E-01 

FLIGHT  C-398  - 2 DECEMBER  1976  - DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Data  Interval 

Solar  Zenith  Angle 

Flight 
Altitude 
(meters) 
(min)  (max) 

Average 

Terrain 

Elevation 

(meters) 

1 

Fi  Iter 
i Ident 

Start 

(GMT) 

End 

(GMT) 

Elapsed 
(hrs)  (min) 

Initial 

(degrees) 

Solar 

Transit 

(degrees) 

Final 

(degrees) 

— 

i 2 

1143 

1 

23 

70.1 

70.0 

71.8 

420 

4440 

46 

4 

1315 

1411 

0 

56 

72.2 

- 

76.3 

4410 

46 

Flight  C-398  was  a midday  to  afternoon  flight.  Multiple  cloud  layers  were  present  with  some  clear 
areas  in  scattered  to  broken  layers. 

The  approximate  east  to  west  Bruz  track  was  centered  south  of  Rennes  in  northwestern  France. 
Typical  terrain  features  were  green  fields  interspersed  with  some  brown  areas  and  dark  green  trees. 

The  in-flight  observer  reported  1/8  to  2/8  cumulus  and  stratocumulus  at  1200  meters  (4000 
feet).  3/8  to  4/8  altostratus  at  4500  meters  (15000  feet),  and  light  to  very  light  haze.  At 
times  the  flight  stayed  low  to  stay  below  the  clouds  in  the  haze. 

At  Rennes/St.  Jacques,  north  of  the  center  of  the  track,  1/8  to  3/8  cumulus  and  stratocumulus 
were  observed  at  900  meters  (3000  feet),  1/8  altocumulus  at  3000  meters  (10000  feet)  gradu- 
ally increased  to  5/8  coverage.  Visibility  of  11.2  kilometers  decreased  to  8.0  kilometers  in 
rain  at  1500  GMT. 

St.  Nazaire-Montoir,  south  of  the  track,  reported  1/8  cumulonimbus  at  600  meters  (2000  feet) 
at  1200  GMT  increasing  to  overcast  at  780  meters  (2600  feet)  by  1500  GMT.  Altocumulus  at 
3000  meters  (10000  feet)  increased  in  coverage  from  2/8  at  1200  GMT  to  7/8  at  1400  GMT. 
Visibility  of  30  kilometers  decreased  to  6.0  to  8.0  with  light  rain  showers  after  1400  GMT. 

Nantes-Chateau  Bougon.  south  of  the  track  center,  reported  scattered  1/8  cumulonimbus  at 
900  meters  (1500  feet),  2/8  altocumulus  at  4500  meters  (15000  feet)  and  2/8  to  5/8  cirrus  at 
7500  meters  (25  000  feet).  Visibility  varied  from  11.2  to  25  kilometers. 

Anbers/Avrille,  southeast  of  the  track,  had  5/8  cumulus  and  stratocumulus  at  460  to  600 
meters  (1600  to  2000  feet)  and  5/8  altocumulus  at  3000  meters  (10000  feet).  Visibility  was  . 

11.2  to  15  kilometers. 

The  radiosonde  station  at  Brest  was  approximately  200  kilometers  westnorthwest  and  generally 
upstream  from  the  flight  track  center  point. 

The  surface  chart  for  1200  GMT  had  an  extensive  frontal  system  over  Europe  with  a 970-millibar  low 
centered  near  Cologne.  The  cold  front  portion  of  this  system  extended  from  western  Austria  southwest  to 
northwestern  Italy  and  west  through  the  northernmost  parts  of  Spain.  This  deep  low  system  in  conjunction 
with  a 1035-millibar  high  located  at  34N  32W  produced  a strong  surface  pressure  gradient  with  resulting 
strong  winds.  At  500  millibars  there  was  a low  off  Bergen,  Norway  with  a trough  extending  southward  to 
Sardinia.  The  flow  over  the  region  of  the  flight  was  strong  northwesterly.  The  airmass  was  unstable 
maritime  polar. 


7-51 


/ 


STMBOL  FILTER 


TOTAL  VOLUME  SCATTERING  COEFFICIENT  (PER  Ml 


EQUIVALENT  ATTENUATION  LENGTH  (MI 


VERTICAL  Rl  AM  'RANSMI’TANl'E 


IRRADIANCE  IW/SQ  M UM) 


STMBOL  FILTER 

SVv!*C- 

» 

Q 

O 

w* 

1,5  * C 

9 • 4 CNW 

Y>. 

3 

d * 

ct 

‘5P 

si 

\ \ 

\ \ 

5 8 

Uj 
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FLIGHT  NO.  C- 398 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  <•  IIS  DATE  06/:a/771 

DATE  1202  76  FLIGHT  \C.  C-JPB  GROUND  LEVEL  ALT!TUOc  (M)»  *6 


ALTITUDE  TOTAL  VCLU**E  SCATTERING  COEFFICIENT  (PER  Ml 


f 

FILTERS  2 

4 

0 

(1.056-04  ) 

( 5.67E-C5 

*0 

(1.056-04  ) 

( 5.646-05 

60 

(1.046-04  ) 

(5.6 1F-05 

90 

tl  •04E-04  ) 

(5.626-05 

120 

I1.04C-04  ) 

( 5. 606-05 

150 

(1.036-04  ) 

( 5. 596-05 

180 

(1.036-04  ) 

( 5.5  76-04 

210 

11.016-04  ) 

( 5.566-05 

?40 

1 1 .0  36 -04  ) 

( 5.556-05 

270 

l 1 .02E -04  1 

( 4.536-05 

100 

(1.026-04  ) 

( 5.526-05 

1 10 

(1.02F-04  ) 

( S.50F-05 

160 

(1. 026-04  ) 

(5.496-04 

190 

t 1.0  It -04  ) 

( 5.47E-C5 

<•20 

(1.016-04  ) 

l 5.466-05 

450 

l .016-04 

5.446-05 

4 80 

1 .016-04 

5.656-05 

SiO 

1.026-04 

5.586-05 

540 

1 .056-04 

5.046-05 

570 

1 .026-04 

4.756-04 

600 

9.846-05 

4.956-05 

630 

1 .046 -04 

4.746-04 

660 

9.846-05 

4.956-05 

690 

1 .0  76-04 

4 .94  F— 05 

720 

1 .026-04 

4.816-C5 

750 

9.396 -05 

5.066-05 

780 

9.966-05 

4. 7 5 6 - C 5 

810 

1.03E-04 

5.695-05 

840 

9.68 E -os 

5.92F-P5 

870 

9.33C-05 

6.206-05 

9 00 

9.27C  -05 

5.846-05 

9 10 

9.366 -04 

5.156-05 

960 

8.446 -05 

5.51F-05 

990 

8.7U-05 

6.696-05 

1020 

8 .586-05 

5.H8F-C5 

1050 

8 , 1 1 6 -0  5 

5.45^-05 

1080 

8.046 -05 

5 . 5*6—05 

11  10 

9.126-05 

5. 016-05 

1140 

8.786-05 

1.616-05 

ll  70 

9.066-05 

4.406-04 

1200 

8.086-05 

4.026-05 

1210 

8. 166-05 

4.796-05 

1260 

7.046-05 

1. 686-05 

1290 

6,766-05 

3. 946-05 

1320 

5.1 36-05 

9.256-05 

1950 

5 . 1 1 F -05 

1.086-05 

1380 

5 .OHC-0  5 

2.896-05 

1410 

4,946-05 

2.60T-C5 

1440 

4.986-05 

2.256-05 

14  70 

4.1  76-05 

2.476-05 

1500 

1.626-05 

2.496-05 

FLIGHT  NO.  C-398 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


ijob  cate  06 /2*/tti 

DATE  120276  FLIGHT  NC.  C-T98  GROUNO  LEVEL  ALTITUO*  I M ) - *6 


ALTITUDE  TOTAL  VOLUME  SCATTERING  COEFFICIENT  (PEA  Ml 


|M! 

FILTERS  2 

* 

15A0 

*.)9F-05 

2.516-05 

D60 

5.02E-05 

2.*)C-05 

D<»0 

5.80C-O5 

2 .60 E- 05 

1620 

5.J6C-05 

2.516-05 

1650 

5.99E-05 

2.58F-05 

16  60 

5.856-05 

2.586-05 

1710 

5 • ) IE  -05 

2.696-05 

17*0 

5.226-05 

2.*)E-0S 

1770 

5. 19E-05 

2. *96-05 

1R00 

5.56E-05 

2.57C-C5 

1 H JO 

*.896-05 

2.576-05 

1860 

5 • * IE -05 

2. **6-05 

1890 

5.A6E-05 

2.526-05 

1920 

5.2)6-05 

2.18E-C5 

1950 

* .626-05 

2.566-05 

1980 

*.976-05 

2.506-05 

2010 

*.*86-05 

2.596-05 

20*0 

* • 36E -05 

2.586-05 

2070 

* . )*C  -05 

2.576-05 

2100 

* . ) 1 E *0  5 

2.65E-05 

21  JO 

*.  ))L-05 

2.58L-05 

2160 

5.56E-05 

2.616-05 

2190 

* .*2t  -05 

2.50C-05 

2220 

* . 1 IE  -0  5 

2.57F-05 

2250 

* , 506  -05 

2.5*6-05 

2280 

* , ) )C  -05 

2.56E-C5 

2)10 

*.  166-05 

2.50C-05 

2)*0 

5.2AC-05 

2.506-05 

2)70 

) • HOC -05 

2.5U-05 

2A00 

5.75C-05 

2.**E-C5 

2*  JO 

*.  526-05 

2.506-05 

2*60 

5.25C-05 

2.55F-05 

2*90 

* .0  76-05 

2.57C-05 

2520 

*.216-05 

2.566-05 

2550 

*.0*6-05 

2.58  C-0  5 

25  80 

5.55C-05 

2.50F-05 

2610 

*.166-05 

2.566-05 

26*0 

* . 106-05 

2,556-05 

2670 

1.M6-0' 

2.82E-05 

2 700 

*.186-05 

2.596-05 

2 7)0 

1.606-05 

2.556-05 

2760 

*.526-05 

2.59E-05 

2790 

*. 2*6-05 

2.5  16-05 

2820 

J.96C-05 

2.596-05 

2650 

*.056-05 

2.50E-05 

2880 

*.  l*C-05 

2.586-05 

2110 

5.816 -0  5 

2.52E-05 

29*0 

*.026-05 

2. 586-05 

2970 

* . 12E -05 

2.556-05 

)000 

*.026-05 

2.576-05 

7-64 
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FLIGHT  NO.  C- 398 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  <.  » % S DATE  06/ .’4/ Ml 
PATE  1/02  /6  ftlr.HT  \C.  C-l'/B 


grounp  i f vn  At  t iniPr  im>« 


*0  10 

*.*  7H  -OS 

2. J4r-0s 

1060 

*.*H-Or> 

/.AM' -O'. 

*0*0 

* .*  IE -05 

i.AAf-OS 

• 120 

4.06C-05 

/,  4/F-OS 

• ISO 

* • 2 IF -05 

2.  AMF-OA 

MHO 

*.*0£-05 

2.4/E-OS 

*2  10 

* . 8 5E -06 

2.40F-0S 

*2*0 

*.* 1C -06 

2, TSE-OS 

*2  70 

*.* IF -06 

2. AAf-OS 

**00 

1.80E -06 

7.S/E-0S 

* MO 

h , 06C -05 

/.sor-ns 

9160 

I. 7 7r -06 

2. 42E-OS 

11*0 

l.*OC -06 

2.  K>r-os 

**20 

1 .8  7t  -05 

2.  TBE-OS 

1**0 

1 • 6 0 C -0  6 

2.  iAf-ns 

1**0 

1.  7*C-05 

2.2  Af-OS 

*S10 

1 . 761 -OS 

SAE-05 

*s*o 

1. 7*C -05 

2.  m-cs 

1*  70 

* .07 t -06 

2.  IAt-0'. 

1600 

»•  76|-  -06 

2.  14F-0S 

♦6  10 

1.61k -06 

2.  Tlt-OS 

1660 

♦ .6«f -06 

2.2 TF-OS 

16  >0 

1 .**t  -06 

2.22E-0S 

*72  0 

I.74E -06 

2.2< K-OS 

*7*0 

1.8 n -06 

Z. /Af-OS 

*780 

1.84C-05 

2.2 AE-CS 

1H  10 

1 . 7 * C - 0 6 

.’./AC-OS 

*840 

1. 76C -06 

/./AF-llS 

10  70 

*. 76k -06 

2.  UH -OS 

1*00 

1.26E -06 

2.2 AE-CS 

**  10 

1.70C -06 

2.2 AC-OS 

**60 

1.46F-05 

2./0E-0S 

***0 

*.  77C-05 

/./sr-os 

*020 

1 ,6 OF -06 

/./AT -OS 

*0*0 

1.67C-06 

Z./OC-OS 

*000 

1.86F -06 

/. TOF-OS 

*1  10 

8 .*6E -06 

/. 10F-OS 

*1*0 

*.*  1C  -06 

2./OF-OS 

*170 

H.  1 7E-06 

Z./OE-OS 

*200 

8.07F -06 

/.  i»r-os 

*2  *0 

8.  18C  -06 

1 .Sof-04 

*260 

6 .0  IE -06 

Z.O/E-Oa 

*2*0 

* • 6 7 C -06 

A.  IlF-OA 

*120 

2.  IHF-O* 

i.  H t F-OA 

**50 

2.77E-0* 

6 « R IL-OS 

*180 

* • 7 2C -0* 

I.lht-OS 

4*10 

2.*  IE -0* 

I l.iJSE-OS 

4**0 

*.*ir-04 

1 T.TAf-OS 

**70 

(l.*0C-0*  ) 

I ».<ME-OS 

4500 

n.2*r-o*  ) 

1 T.H/E-OS 

S HI 


FIRST  OATA  AIT 

east  data  alt 


aso 

AAA  0 


A SO 
A ABO 


7-56 


i 
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FLIGHT  NO  C 398 
EQUIVALENT  ATTENUATION  LENGTH 


1JOR  4114  PATC  06/.;a/TT) 

PATE  1202  76  FLIGHT  NO.  C-1R«  CROUND  LEVEL  AlTITIIPr  (M).  AT 

ALTITUDE  ECU  IV  Al  ENT  ATTENUATION  L E N G TH  (•’I 

|M)  FILTERS  2 A 


0 

0 ,4’C 

0 3 

l.  TbE 

04 

300 

1.66F 

03 

1.7<*C 

04 

too 

V.  75E 

03 

l.H  IE 

04 

^00 

o.Rsr 

0 3 

1 .HAT 

04 

1200 

1.02E 

0 A 

I.R7E 

04 

isoo 

i.ur 

04 

2.0  1F 

04 

1800 

1.20E 

04 

2.21E 

04 

2100 

i .2re 

04 

2.  ITT 

04 

2400 

1.  16E 

04 

2.  SUE 

04 

2 700 

1.A1C 

04 

2. Mr 

0*. 

1000 

l .ARC 

04 

2.701 

04 

^ 100 

l .55E 

04 

2.  7o[ 

C 4 

3600 

1.60E 

0 4 

2. RTF 

04 

3900 

1 .65F 

04 

2.<»sr 

04 

4200 

1.66C 

04 

T.OTE 

04 

4500 

1 .A1E 

04 

2. ATE 

04 

FLIGHT  NO.  C-398 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALT1TUCE  VERTICAL  REAM  TRANSMIT  T ANCE  FROM  GROUND  TO  ALT1TUOI 


|M| 

FILTERS  2 

4 

0 

l.oor  oo 

I.OOE  00 

TOO 

R.6RC-0 1 

R.R1E-01 

600 

R .401 -0 1 

R.68E-0 1 

ROO 

0.1  IE  -01 

R.51E-01 

1200 

O.RRE-Ol 

R. JHr-Ol 

1500 

R.74L-01 

R.2RE-01 

IHOO 

R.61E-01 

R.22E-01 

2100 

R. ARC-01 

R.15C-01 

2A00 

R.  IRE -01 

R.ORE-Ol 

2700 

R.2«r-01 

R.02F-01 

1000 

R.IRE-Ol 

R.R4E-01 

1100 

8. ORE-01 

R.RRE-Ol 

1600 

7 .ONE -0 1 

R.B2F-01 

1100 

7. 40E-01 

R.76E-01 

4200 

7.77E-01 

R. 7OE-0I 

4400 

7.26E-01 

R.14E-01 

I 
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FLIGHT  C 399  3 DECEMBER  1976  DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Data  Interval 

Solar  Zenith  Angle 

| 

“ 

Flight 

Average 

Solar 

Altitude 

Torrain 

Filter 

Start 

End 

Elapsed 

Initial 

Transit 

Final 

(meters) 

Elevation 

Ident 

(GMT) 

. 

(GMT) 

(hrs)  (min) 

(degrees) 

(degrees) 

(degrees) 

(min)  (max) 

(meters) 



2,3 

1013 

1250 

2 37 

73.9 

70.2 

71.2 



390  2610 

46 

4,5 

1 

1230 

1 14 

L_ 

70.8 

70.2 

- 

70.6 

420  2580 



46 

1 

Flight  C-399  was  a midday  flight  spanning  local  apparent  noon.  Scattered  low  clouds  and  high  over- 
cast were  present  throughout. 

The  approximate  east  to  west  Bruz  track  was  centered  south  of  Rennes  in  northwestern  France. 
Typical  terrain  features  were  green  fields  interspersed  with  brown  areas  and  dark  green  trees. 

The  in-flight  observer  reported  stratocumulus  varying  from  1 8 to  3 8 at  690  meters  (2300  feet) 
and  overcast  cirrus  at  6900  meters  (23000  feet).  The  cirrus  layer  was  sometimes  thin  and  the 
east  end  of  the  track  had  better  conditions  than  the  west  end.  At  1205  GMT  at  the  west  end 
of  the  track  the  690-meter  deck  was  a heavy  overcast.  There  was  light  haze,  with  no  marked 
haze  tops  below  2850  meters  (9500  feet),  the  maximum  aircraft  altitude. 

Rennes  St.  Jacques,  north  of  the  center  of  the  track,  had  observations  of  cumulonimbus  vary- 
ing from  3/8  to  6 8 coverage  and  altitudes  of  600  to  690  meters  (2000  to  2300  feet),  7 8 cirrus 
at  6900  meters  (23000  feet)  and  visibility  11.2  to  25  kilometers. 

St.  Nazaire-Montoir,  south  of  the  track,  reported  2 0 to  3 8 cumulonimbus  at  600  meters  (2000 
feet)  and  6 8 to  7 8 cirrus  at  6900  meters  (23000  feet).  Visibility  was  11.2  to  15  kilometers 
with  light  rain  showers  reported  at  1100  and  1200  GMT. 

Nantes-Chateau  Bougon,  south  of  the  track  center,  reported  2 8 to  3 8 cumulonimbus  at  600 
meters  (2000  feet),  6 8 to  7 8 altocumulus  at  3000  meters  (10000  feet),  7 8 cirrus  at  7500 
meters  (25000  feet)  and  visibility  11.2  to  30  kilometers. 

Anbers  Avrille,  southeast  of  the  track,  reported  2 8 of  cumulus  and  stratocumulus  at  600 
meters  (2000  feet)  becoming  cumulonimbus  at  1400  GMT.  There  were  also  7 8 altostratus  at 
3000  meters  (10000  feet)  and  5 8 cirrus  at  6900  meters  (23000  feet).  Visibility  was  11.2  to 
15  kilometers. 

The  radiosonde  station  at  Brest  was  approximately  200  kilometers  westnorthwest  of  the  center 
of  the  track.  The  radiosonde  station  was  upstream  from  the  track. 

The  surface  chart  for  1200  GMT  had  a complex  low  over  Europe  and  the  eastern  Atlantic  with  a 973 
millibar  low  over  Ireland  and  another  in  the  North  Sea.  A cold  front,  part  of  this  system,  extended  from 
the  Black  Sea  through  the  heel  of  Italy  then  westsouthwest  to  southern  Spain  then  southwest  into  the 
Atlantic.  At  500  millibars  there  was  a low  in  the  North  Sea  with  the  trough  axis  southeast  to  Romania. 
Moderate  westerly  flow  was  over  the  flight  area.  The  airmass  was  unstable  maritime  polar. 


FLIGHT  NO.  C-399 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


( JOB  2166  CATE  10/01/77) 

DATE  120176  FLIGHT  NC.  C-J99  GROUND  LEVEL  ALTHUOT  (M|. 
ALTITUDE  total  volume  SCATTERING  COEFFICIENT  1 PL R HI 


1 M) 

FILTERS  2 

* 

J 

5 

0 

tl.UE-O*  I 

(6.J2E-06  1 

(*.7*E-05  1 

(*.2*r-06 

JO 

(1.12E-0*  I 

(*.  JOE-05  I 

1 * . 72E- 05  1 

(*.220-06 

60 

(1.12E-0*  1 

(*.290-05  ) 

I * . 7 It- 05  1 

(*.210-05 

NO 

(1.12E-0*  1 

(6.28E-05  I 

1 *.  70E-05  1 

(*.200  - 06 

120 

(l.UE-O*  1 

(*.27E-06  1 

(6.69E-05  1 

(*.190-06 

150 

tl.UE-O*  1 

(*.260-05  1 

(6.67E-05  1 

( *•  1 RE  - 06 

180 

(l.UE-O*  1 

(6.25E-05  1 

1 * • 66E- 05  1 

(*.  17E-06 

210 

(l.UE-O*  I 

(*.2*E-05  1 

(6.66E-05  1 

(*. 16E-06 

2*0 

(1.10E-0*  1 

(6.2JE-05  1 

( *.6*E— 05  I 

(*.  l6t-05 

2 70 

tl.lOE-O*  1 

1 *. 21 E-06  ) 

(6.6JF-05  1 

1*. 1*0-06 

JOO 

(1.10E-0*  I 

( * • 20E-05  1 

(*.6lE-06  1 

(*.110-05 

no 

(1.09E-0*  1 

(6.19E-05  1 

( * .60C-05  1 

1 *.  12E-C5 

160 

U.09E-0*  1 

( * . lflE-05  1 

1 *. 59E-05  I 

1*.  10E-06 

190 

(1.09C-0*  1 

( * • 1 7E-05  I 

( * . 5BE- 06  I 

(6.09E-C5 

*20 

1.08E-0* 

6.16E-05 

(6.56E-06  1 

*.  ORE  - 06 

*50 

1.08E-0* 

*.95E-06 

*.560-05 

*.190-06 

*80 

1 .08C -0* 

*.*6E-05 

*.  56E-05 

*. C0C-06 

510 

1 .09E-0* 

5.2SE-05 

6.62E-05 

*.010-05 

5*0 

1.  llC-0* 

* . 96  E-06 

* .68E-06 

1.  790-06 

5 70 

1.06E-0* 

*. J6E-0S 

6.00C-05 

1.970-06 

600 

t .08L-0* 

*.*8E-06 

*.  75E-05 

1.  170-06 

610 

l .05E-0* 

J.96E-C6 

*.960-05 

1.82E-05 

660 

1 . 1 lf-O* 

J.89E-06 

* . 68E-05 

6.UE-C6 

690 

1.05E-0* 

* . 86C-05 

5.  I0E-06 

1. 690-05 

720 

1 UOF-O* 

* • 2 1E-C6 

*.970-05 

1.  18C-C6 

750 

1 .09E-0* 

* .2*  E-05 

5.07C-06 

1..6E- 06 

780 

1. 0*0-0* 

* .00  E-0  6 

* . 860-06 

2.  76E-05 

810 

1 .06E-0* 

1.82E-05 

5.  19E-05 

2.  10E-06 

8*0 

9.76E-05 

1.66E-05 

*.  760-06 

2.  J*E - 06 

8 70 

7. 99  E -0  6 

J.8*E-06 

*.260-05 

2.  12E-06 

900 

6.9IE-06 

1.61F-05 

*.*50-06 

2.290-05 

9 JO 

6.66E-05 

1.92E-06 

1.8  IE-05 

2.62E-05 

960 

6.69E-05 

1.6*0-05 

1,  *6E-  06 

2.  120-06 

990 

6.77E-05 

1.67F-06 

1. *90-06 

2. 18E-06 

1020 

6.66E-06 

I.66E-05 

2. '160-06 

2.2JE-06 

1060 

5.70E-06 

I.66E-05 

2.  76E-05 

2.1 1F-05 

1080 

6.25E-06 

l.*8E-05 

2.270-05 

2.  COE  - 05 

1110 

6. 19E-06 

1.* JF-06 

2.57F-05 

1. 96r-P6 

11*0 

5.98E-06 

1.5  70-06 

2.  12E-05 

1.60L-06 

1170 

5.72E-05 

1. 19F-C5 

2.21E-05 

7.29E-06 

1200 

6.01E-06 

J.5JE-05 

2.  I7E-05 

1.1*0-06 

1210 

5. JOE -06 

1.  16E-05 

1.920-06 

1. 210-06 

1260 

6.10E-06 

J.  10C-06 

1 . 65E-0  5 

1.080-06 

1290 

5.J1C-06 

J. !*E-05 

1.600-05 

1.  l*E-06 

1120 

6.07E-08 

1.12E-05 

1.66E-05 

1.  I1L-06 

1 150 

* . *0E  -05 

J. 01C-06 

1 . 610-05 

1.  110-06 

l J 80 

6 . 0*E -06 

J.60E-05 

1.  750-05 

1 . 061  - 05 

1*10 

5.021-05 

1.56F-06 

1.596-05 

l , 2 *F  - 05 

1**0 

5 .0  IE -0  6 

1.6IE-06 

1. 600-06 

l.  160-06 

1*70 

* • *9E -0  5 

1.52E-06 

1.660-05 

1.22r-C6 

1600 

*.  7 JF-06 

J . 50 E-06 

l .**0-05 

l. 280-06 

66 
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FLIGHT  NO.  C 399 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  2166  DATE  10/01/77) 

DATE  1201  76  f 1 1 GMT  NO.  C-  199  GROUND  LCVTl  AETITUPr  (H).  «h 


ALT!  TUPE 

TOTAL 

Vfiuxr  SCATTERING  CDFEFIC'ENT 

(PER  Ml 

(X) 

FITTERS 

4 

1 

5 

11)0 

4 .90t-OS 

3.758-05 

1.656-05 

1. 198-05 

1160 

4.578-05 

3.428-05 

l. 71C-05 

1.218-05 

1190 

4.7  78-05 

1.468-05 

1*  148-05 

1.408-05 

1620 

A. 561' “OS 

1.478-05 

l . 306-05 

1.438-05 

1610 

4 .848-05 

3.898-05 

1 . rot- 05 

l.  15E-C5 

1680 

4.918-05 

3.128-05 

1*21005 

l- 328-05 

1710 

4.67 f -OS 

1.256-05 

1.066-05 

l.  388-05 

1710 

4 .6  3C -OS 

3*466-05 

1.556-05 

l.  398-05 

1770 

4 • 76 E -0  S 

3*3  7E-0S 

1.520  05 

1.  iie-cs 

1H00 

4.698-05 

3.448-05 

1* 33F-OS 

1. 208-05 

1810 

5.068-05 

3. 3SE-0S 

1.51005 

1 . 3 78-05 

I860 

4.688-05 

1*206-05 

1.558-05 

1.25E-C5 

1 8 90 

4.  fc4 C -OS 

1*  136-06 

1.428-05 

1.268  -05 

1920 

4.998-05 

3.  188-05 

1. 116-05 

1. 118-05 

1910 

<*.7  78-05 

2.898-05 

1.158-05 

l . 2S£-05 

1980 

4.248-05 

1*01  E-OS 

1.458-05 

1. 248-05 

2010 

5*0 TE-OS 

2.8 68-05 

1.688-05 

1.2  78-05 

2010 

4. 95 r -05 

3.068-05 

l.  378-05 

l. 118-05 

2070 

4 . 4 9 L -OS 

3 . 38E-0S 

1.  128-05 

1.208  -05 

2100 

4.618-05 

3*078-05 

1.046-05 

1.12E-C5 

21  10 

4. 61 C -OS 

3. 36E-0S 

1 . 15E-0S 

l . 1 38-05 

2160 

4. 725-Os 

3.  10F-0S 

1.406- OS 

1.051  - os 

2190 

4,6  1C -05 

3.05C-0S 

1.  318-05 

l.  t 38-05 

2220 

4.588-05 

2.96F-QS 

l.  018-05 

1.198-05 

2210 

4, 32 r -OS 

3.  2 2 E-Os 

1. 48F-05 

9.498-06 

2280 

4.521 -OS 

2.948  — OS 

1 .488-05 

1. 328-05 

2110 

4 , S 4 1 -OS 

1*016-05 

1 .148-05 

1.21E-C5 

2 110 

4.SSE-0S 

3.0*8-05 

1 .2IE-0S 

1.078-05 

2170 

4.S4F  -OS 

2.926-05 

1.  368-OS 

1.2  38-OS 

2100 

4.3  1L -OS 

3*016-05 

1.478-05 

l. 058 -OS 

2110 

4.22E-0S 

2.858-05 

9. 548-06 

1.248: -os 

2160 

4 .4  IF -OS 

3.0  3F-0S 

1.478-05 

l .088-05 

2190 

4.S3E-0S 

2.96F-0S 

l.  378-Os 

1. 126-05 

2120 

4. sir-os 

3,  16F-0S 

l.  378-05 

( l .128-05 

2110 

4 , 26 1 -OS 

( 3 . 15  8—05  ) 

l. 386-05 

( l. 118 -05 

2580 

(4.24L-0S 

I (3.148-05  J 

1.408-05 

tUtU -05 

2610 

(4.218-05 

) (3.138-05  ) 

1.  318-05 

1 1. nr -05 

2610 

I4.22T -OS 

) ( 3. 128-05  I 

( l . 318-05  ) 

( l. 108-05 

26  70 

( 4 . 20f -OS 

) (3.1 18-05  ) 

( l.  318-05  ) 

( l.  108-05 

2700 

f 4 , 1 9 L -os 

I ( 3*106-05  ) 

( l . 308-05  ) 

( l , l 08  - 05 

FIRST  DATA 

ALT 

420 

4 20 

450 

4?n 

EAST  DATA 

ALT 

2550 

?S?0 

2610 

2490 

FLIGHT  NO.  C 399 
EQUIVALENT  ATTENUATION  LENGTH 


1 


(JOB  2166 

PA  J C 1 0/0  \/7A) 

OATE  120  1/6 

FLIGHT 

SO.  c- 

J99 

;.^ounp 

LE  VIL 

At.  T i Tori'- 

1*1  * 

4i  t i tide 

FwU I VALENT 

ATTONUAT  m,k  lfngth  ( M 

1 

I'M  FILTERS 

J 

4 

3 

r 

0 

8 .8/1 

0 3 

/.  m 

04 

?.  i ir 

04 

2.  36f 

04 

100 

J .OOF 

0 J 

2 . 3 r»  L 

04 

2.  IRC 

04 

2.  ior 

04 

600 

9.  10E 

0 3 

2.2HT 

04 

2.  1st 

04 

2.4  n 

04 

ooo 

9.1AL 

0 3 

2.  34f 

04 

iee 

0 4 

2.66C 

04 

1200 

l.OAC 

04 

2.44  0 

04 

2.  1SE 

04 

3.02C 

04 

1S00 

1.15E 

04 

2.6  3E 

04 

? . h n 

04 

3.46C 

04 

1800 

1 .2SE 

04 

2.680 

04 

2 • 9 8 E 

04 

3.8  OE 

04 

2100 

1.1  JE 

04 

2 • 66  r 

04 

1.  25E 

04 

4.  12f 

04 

2 <*00 

1 .ROC 

04 

2.720 

04 

1.S1F 

04 

4.H11 

Oh 

2700 

1.A6C 

04 

? • 7 7 r 

04 

1.  / IE 

04 

4.6  7C 

04 

FLIGHT  NO.  C 399 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 

VERT  ir  AL  H'AM 

TRANSMITTANTF 

FROM  GROUND  TO 

M T 1 TUDE 

1 

IM) 

FILTERS  2 

6 

1 

S 

0 

l.OOE  00 

l.OOE  00 

l.OOE  00 

l.COE  00 

j 

too 

8 . 6 7 E “0  1 

9.87E-01 

9.86E-01 

9.88E-01 

600 

9. 16C-0 I 

9. 7aE~0  1 

9.72E-01 

9.  76E-01 

9 

900 

9.08E-0  1 

9.62E-01 

9.58E-01 

9.67E-01 

1 200 

H.91E-01 

9.52E-01 

9.S0E-01 

9.61E-01 

1500 

8.7RE-01 

9 .42E-0 1 

9.45C-01 

9.S8E-01 

1800 

8 .661 -0  1 

9.3»E-01 

9.41E-01 

9.54E-01 

2100 

8.SAE-0I 

9.26F-01 

9.  37E-01 

9.S0E-01 

1 

2600 

8.62C-01 

9.16E-01 

9.14E-01 

9. 6 7E  - 01 

2 700 

8.HC-01 

9.07E-01 

9.  tOE-Ol 

9.44E-0I 

j 

1 

; 
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FLIGHT  C-400  - 4 DECEMBER  1978  - DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Filter 

Ident 

Data  Interval 

Solar  Zenith  Angle 



Flight 
Altitude 
(meters) 
(min)  (max) 

1 

Average 
Terrain 
Elevation  : 
(meters) 

Start 

(GMT) 

End 

(GMT) 

Elapsed 
(hrs)  (min) 

Initial 
(degrees ) 

Solar 

Transit 

(degrees) 

Final 

(degrees) 

2,3 

1029 

1204 

1 

35 

73.0 

70.3 

70.3 

480 

5100 

1 

46 

4 

1219 

1233 

0 

14 

70.5 

70.8 

480 

5070 

46 

5 

1250 

1305 

0 

15 

71.3 



_ 



72.0 



480 

5100 

46 

I J 

Flight  C-400  was  a midday  flight.  Multiple  cloud  layers  with  nonuniform  obscuration  restricted  the 
flight  to  V-Pro's. 

The  approximate  east  to  west  Bruz  track  was  centered  south  of  Rennes  in  northwestern  France. 
Typical  terrain  features  were  green  fields  interspersed  with  brown  areas  and  dark  green  trees. 

The  in-flight  observer  reported  overcast  cirrus  with  sun  disc  obscured.  Scattered  scud  at  300 
meters  (1000  feet)  and  light  to  moderate  haze  were  also  present. 

Rennes/St.  Jacques,  north  of  the  center  of  the  track,  reported  1 8 to  2 8 cumulonimbus  at 
450  meters  (1500  feet)  and  3 8 to  5 8 cirrus  at  6900  to  7500  meters  (23000  to  25000  feet). 
Visibility  was  mostly  11.2  kiloneters  but  was  reported  at  1200  GMT  as  35  kilometers. 

St.  Nazaire-Montoir.  south  of  the  track,  reported  conditions  similar  to  Rennes/St.  Jacques. 

Nantes-Chateau  Bougon,  south  of  the  track  center,  had  2 8 cumulonimbus  at  750  meters  (2500 
feet)  and  4/8  to  5/8  cirrus  at  6900  meters  (23000  feet).  Visibility  was  11.2  kilometers  but 
improved  to  30.0  kilometers  at  the  1200  GMT  observation. 

Anbers/Avrille,  southeast  of  the  track,  reported  3 8 to  7 8 cumulonimbus  at  900  meters  (3000 
feet)  and  3/8  to  5/8  cirrus  at  7500  meters  (25000  feet).  Visibility  varied  from  11.2  to  20 
kilometers. 

The  radiosonde  station  at  Brest  was  approximately  200  kilometers  westnorthwest  of  the  center 
of  the  track.  The  radiosonde  station  was  upstream  from  the  track. 

At  1200  GMT  the  surface  chart  had  a 970-millibar  low  centered  between  Norway  and  Denmark  with 
a frontal  system  southeast  into  Russia.  A secondary  low  of  987  millibars  was  centered  in  the  Adriatic 
and  had  a cold  front  extending  southwest  into  Algeria.  A trough  extended  from  Marseille  to  Valencia  and 
Gibralter.  Another  deepening  storm  center  with  accompanying  fronts  caused  all  of  the  area  north  of  40N 
to  be  affected  by  low  pressures.  At  500  millibars  there  was  a low  over  Denmark  with  a trough  southsouth- 
westward  to  Algeria.  There  was  moderate  westnorthwest  flow  over  the  flight  region.  The  airmass  was 
unstable  maritime  polar. 


; 
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FLIGHT  NO.  C-400 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  2288  r ATE  l0/0(/77l 

DATE  120A76  FLIGHT  VO.  OAOO  G40UNP  lEVfl  AlT!TUrr  ("1*  *6 

mtituof  total  vriu"c  sCAursiNG  cocruc’ENT  ipfr 


(M) 

T ! ITERS 

A 

3 

5 

0 

ll.OlE-O*  1 

( l.SSE-OA  ) 

C6.WT-0  5 ) 

< 5.6*8-00 

10 

It.OlC-OA  ) 

( l .SSf-OA  ) 

(6.C*C-0S  ) 

< 5 • 6 7£  - Cr» 

60 

(I.OIF-Oa  > 

( 1 a SA F - OA  ) 

16.0*8-06  I 

i 5 . 6 S£ - C5 

* 0 

U.OOC-Oa  1 

( 1 .SAF-OA  1 

(6.C6E-06  ) 

< 5.66F-C5 

120 

(l.OOE-PA  ) 

tl.S'F-OA  1 

( 6.C6T-0S  ) 

(S.63F  OS 

ISO 

1 (.Oftr  -OS  > 

1 I • 5 7F-0  A ) 

I6.C36-0S  ) 

<5.  *28-05 

IrtO 

H.«J6E‘-PS  ) 

( 1.500*  1 

<6. 01F-05  ) 

(S.60E-0S 

210 

t>.'ME-05  ) 

( 1.S2E-0*  ) 

(6.  COE-06  ) 

« 5. 388 -05 

260 

(I.4U-05  ) 

(1.52E-0A  ) 

(S.vJflE-OS  ) 

1 5.  17E-C5 

zro 

(9.88E-0B  > 

( 1.S2F-0*  I 

( 5.  *70  05  ) 

< 5.  16F-05 

*00 

(8.86E-0S  ) 

( 1.51E-0-  I 

(6. *58-05  ) 

< 5. 368-05 

*30 

(8.8JE-0S  1 

(1.51F-0*  > 

<5.368-05  ) 

<5.  3*8-05 

*60 

(9.S0E-05  1 

( 1.50E-0*  ) 

<6 .*26-05  ) 

<5. * IF  - 05 

1*0 

(■).78E-05  t 

U.50F-0*  1 

(S.*oc-05  ) 

<5.  *08-05 

620 

(>.75c-05  1 

( 1.50  E— 0 A ) 

(S.R^F-^S  ) 

<6.288-05 

6 SO 

(8.72E-0S  ) 

( 1 . A3F-0*  I 

<5.8  78-05  ) 

<5. 2 78-05 

680 

7.70F-PS 

1.A9C-0* 

s . 868-05 

5. 268-05 

S 10 

1 .A  (E-Oa 

1.  («F-0* 

-OS 

6.6  78-06 

S60 

1 .*8f -0* 

1 .2  76-0* 

5.658-05 

6.66E-0S 

s;o 

1.5SF-0A 

1.21C-0* 

S. 78r-06 

6.66F-0S 

600 

l .82E -0* 

1.28E-0* 

5 • **£-05 

3.  7*8-05 

630 

2.0  (£-0* 

1.2  (E-OA 

6.  1 7C-05 

3.66F-05 

660 

1 .72E-OA 

1.2AF-0* 

6.C58-0S 

*.  *08-06 

6*0 

I.T5E-P* 

t.  1 7 F - 0 A 

6.SQF-0S 

3.568-05 

720 

1.7SE-0A 

l .08  F — 0 A 

/•  518-05 

6.028-05 

/SO 

1 .SaF-Oa 

l .OSF-Oa 

6.608-05 

6.20F-C5 

730 

1.60E-0* 

«.  7 7F-0S 

6.R2C-0S 

6. 188-05 

810 

l .A  (F -0* 

8.  76F-P5 

6.668-05 

3.  7 78-05 

860 

1 .SOt -0* 

7.6 1E-0S 

7. 16F-05 

*.  *68-05 

8 TO 

1 .A  (E-0* 

6.8U-0S 

7. 128-05 

6.  5 *F-CS 

*0  0 

1 .AAF-OA 

6.6SF-0* 

7.668-05 

6. 318-05 

*30 

1.1CE-0A 

6. 7<O05 

7.6  18-05 

6.68F-06 

*60 

l . 1 (E-Oa 

6.SAF -OS 

7.20F-05 

6.288-05 

**0 

l.llE-OA 

S.  7 »r-os 

7.208-05 

6.66F-C6 

1020 

l . 1 AE  -OA 

6.21  E-OS 

7.  7 18-05 

6.858-06 

10S0 

l.UC-OA 

6.A2F-0S 

7.5*8-05 

6.0*8-05 

1080 

1. lot -OA 

7.A  t E-OS 

7 • *88- 0 5 

6.  1*8-05 

1110 

1 .10E-OA 

6.6(6-05 

7.P2F-CS 

6.  70E-C6 

1160 

1.01E-PA 

7.  1AE-0S 

7 .660-05 

6. 368-06 

11  TO 

1.02E-0* 

R.2BC-0S 

7. *68-05 

5.0*8-05 

1200 

i .iu.r  -OA 

8.20E-0S 

8. 12F-05 

5. 16C-06 

1230 

1 . 1 IE  -OA 

7 ,676-05 

8.2*8-05 

6.60E-05 

1260 

1.07C-PA 

8.0 JE-05 

7.528-05 

6.8*8-06 

1290 

R.OU-OS 

7.6  JE-OS 

«. 328-05 

6. 61F-05 

1*20 

S. (BE -OS 

6 . 866-05 

8. ifcE-05 

6. 368-05 

l *50 

6.2JE-05 

7. OAF-05 

8 • 0 1C- 05 

6. 368-05 

1380 

S.SU-OS 

6.6SF-0S 

7.508-05 

6. 76E-06 

1610 

7.17E-OS 

6.2SF-0S 

6. 768-05 

6. *58-06 

1660 

6.8JE-0S 

6. 766— OS 

6. 77F-05 

6.108-06 

16/0 

7.2SF-OS 

A .826-05 

6.288-05 

3 . *2E - 05 

1500 

8.2AE-0S 

A.S8E-05 

6.07F-05 

3.2SE-06 
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FLIGHT  NO.  C-400 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB 

DATE 

DATE  10/01/77) 

FLIGHT  \0.  C-*00  GROUND 

LEV6L  Al T l TUDr 

(M)  * 

AlTI TUDt 

total 

vnuME  scattering  ccrrric(tNT 

1*>ER  *1 

(Ml  FILTERS  Z 

* 

1 

5 

1510 

6.986-0* 

5 . **E -05 

1.26E-05 

1.  5S6-CS 

1560 

6 ,*6C-06 

6.  186-05 

2.  7U-05 

1.  876-05 

1590 

7.086-06 

5.516-06 

2. 686-OS 

3.  1 36-05 

1620 

6.82C-05 

6.6*6-05 

2 • *96-05 

1. 026-05 

1650 

7 « ICE -05 

5.956-06 

2.216-05 

1.  1 76 -C5 

16  80 

6.126-05 

6.  126-05 

2.*  76-05 

l.  HE  -OS 

IM  0 

6. 976-OS 

S. *96-06 

2 • 281-OS 

1. 1*6- OS 

17*0 

8.126-05 

6. 06C-06 

2.26E-05 

2. 881  - 05 

1770 

7.52E-05 

5.906-06 

2.*r>E-0S 

2. 986 -OS 

1800 

8. 18 6 -OS 

6.166-06 

2. 256-OS 

2.  196-CS 

18  30 

7. 256 -OS 

*.626-06 

2.  116-0  5 

2. 766-05 

I860 

7 .**6 -05 

5.126-05 

2. COE- 05 

2.  *66-05 

l 890 

5 . 98  6 -0 S 

*.576-05 

2. 1 16-05 

2. 166- 05 

1920 

5.976-05 

* .606-06 

1.556- OS 

2.096-CS 

1950 

5 . 79F -05 

*.  106-06 

1. 716-OS 

1 • 9 16-05 

1980 

6.5 16 -05 

1.516-05 

l.  516-05 

l.SOE-OS 

2010 

5 .2  36-0  6 

1.566-06 

l . 70C-05 

1 • * 16-C5 

20*0 

5.106-06 

1.706-06 

1 • * 16- OS 

1. 1 ic-os 

20  70 

*.*«r-06 

1. 296-OS 

1.8 76- os 

1.  156-OS 

2100 

5. *26-05 

1.626-05 

1.586-05 

1 . 1*6-05 

21  10 

*.  7 76  -06 

1.2  16-0  6 

l. *96-05 

1**16-05 

2160 

S.69F -06 

2.9  16-OS 

1.51C-05 

l.  116-OS 

2190 

* • 8 1 1 -0  5 

2.6*6-06 

l.  *66-05 

1 • **6 -OS 

2220 

*.916-06 

1.016-06 

l . 1 16-05 

l.  «8f-05 

2250 

*.*  7 6 -Or' 

2.6*6-06 

1.296-05 

1.  196-05 

22  80 

*.  79f  -06 

2. 796-06 

1 • *S£-OS 

1.  126-OS 

2110 

* . 196 -06 

1.  106-05 

l . l*C  -os 

1.2  n -05 

2 1*0 

*.6*C-0S 

2.8  1 C — 0 6 

l .*56-05 

1.256 -OS 

2 3 70 

*.*86-06 

1. 10  6-0  6 

1.176-05 

1.096 -OS 

2*00 

*. 32E  -06 

?.*  1F-0S 

i.29r-os 

l • *26  - 05 

2*  10 

6.086 -06 

2.726-06 

l. 116-05 

1 . 106  - 05 

2*60 

*.516-05 

2.  176-06 

1 .266-05 

1.  166-05 

2*90 

1.876  -06 

2.78  6-OS 

1.266-05 

W 126-OS 

2520 

* .926-05 

2.501-06 

1.2  16-05 

W IOC  - Os 

2550 

*.076-06 

2.*  *6-0*. 

1.296-05 

l • * 76-05 

2580 

1 . 8*F  -05 

2. son-06 

1.20E-05 

1.  1*6 -Os 

2610 

3.7  76  -OS 

3. 226-OS 

1 . 3SC-0S 

1.  I7f -OS 

26*0 

1.91E -OS 

1.8  16-OS 

l • **6-05 

w i*r-os 

2670 

1.*  IE -05 

2 « 296-05 

1 . 1 7f-  05 

l .2  IE -Os 

2700 

* • 7*5 -OS 

2.266-06 

l.*  IE- 05 

l. 106-05 

2 7 10 

* • 38F -OS 

2.*2r-os 

l. 26f-05 

l • * 16  - os 

2760 

*.*  U -06 

2.0*6-06 

1.296-05 

1. 2*6 -CS 

2790 

* .*  ir  -05 

2,*8C-C5 

l . 196-OS 

l.  196-05 

2820 

*. 18c-06 

2.  106-0* 

1 .*06-05 

l • 026  - Os 

2860 

*.f*8F  -OS 

1.816-05 

l.  186-OS 

1*2*6  -05 

2880 

* .626 -OS 

2.006-06 

1 • *0C-05 

l.  196 -Os 

2910 

*.l*l -OS 

2.096-06 

1.266-05 

1.21E-0S 

2 9*0 

*.M6  -05 

2.676-06 

1.  186-05 

l.  HF-05 

29  70 

*.127 -06 

2.  176-06 

1. 296-^5 

i.  ior-os 

1000 

1.706-05 

2.156-06 

1.  1 96- OS 

1.226 -OS 

J 
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FLIGHT  NO.  C-400 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


( JOB  228i  DATE  10/01/77) 


DATE  120476 

FLIGHT  NO, 

C-400  GROUND 

LEVEL  AiL  T!  TUOr 

(M)  . 

AlTITUOE 

TOTAL 

VCLU“E  SCATTERING  COEFFICIENT 

(PER  Ml 

C M» 

FILTERS  2 

4 

3 

5 

3030 

4.27E-05 

2.21E-05 

1.28E-05 

1.25E-05 

3060 

4.35E-0S 

2.  19F-04 

1.  17E-04 

1.  18E-0S 

3090 

4.44E-0S 

2.  15E-05 

1.28E-05 

1.24E-05 

1120 

1.79E-0S 

2.41E-05 

1.10E-04 

1.15E-04 

mo 

1.58E-05 

2.35C-05 

1.25E-05 

1.22E-C5 

3100 

3.91E-05 

2.  30E-04 

1.04E-04 

1.23E-04 

3210 

4.14C-05 

2.40E-C4 

1.26E-05 

1.  17E-05 

12  AO 

1.06E  -05 

2.48E-0S 

1.20E-05 

1.11E-C5 

32  TO 

3 , 5 If  -04 

2, 10 T- 05 

l.  14E-04 

1.0TE-04 

3300 

1.5TE-05 

2.01E-05 

1.02E-05 

9. 85E-06 

3313 

4.24E-05 

2.47E-05 

1 .19E-05 

1 • 04E-05 

1360 

4.19E-04 

2.21E-05 

1.11E-05 

1.  15E-04 

3390 

4.20C-04 

2.29E-04 

1.25C-04 

1.00E-04 

1420 

1.52E-05 

1.68E-0S 

1.04E-05 

9.11E-06 

1450 

4.11F-05 

2.32E-C5 

1 .1  IE-05 

9.  TIE- 06 

34  00 

4.41C-05 

2.1TE-05 

1.21E-05 

l.  11E-C4 

3510 

4. 18E -05 

2.15E-0S 

l.  12C-04 

1.  10E-04 

3540 

1.92C-05 

2.  1 IE-05 

1.22E-05 

1.41E-04 

15  TO 

4 ,5  IE-05 

2.28E-C5 

1.12E-05 

1 . 2 IE  -05 

3600 

1.42?  -0  5 

2.4RE-04 

1.21E-0S 

1.05E-0S 

1610 

4.24E -04 

2.22E-04 

1.  10E-04 

9.91E-06 

3660 

4.15E-05 

2.21E-05 

9.25E-06 

1.05E-C5 

3690 

4 .06C-04 

2.24E-04 

1.07E-05 

1.19E-C5 

3720 

3.71E-04 

2.16F-C4 

1.22F-05 

(. (4f - 04 

1750 

4.25E-04 

2.11  E-0  0 

1.  19E-0S 

1.21E-05 

1780 

4.02F-05 

2.32F-05 

1.  14E-04 

l.llf-05 

3010 

4.11E-04 

2.10E-04 

l.UE-05 

l.  14C-04 

3640 

4. 19E-04 

2.19C-04 

1.09C-04 

1.  18E-04 

3070 

3.89E -04 

2.21E-05 

1.  14E-05 

l.  12E-GS 

3900 

4.06E-05 

2.1 Rt-04 

I.C7F-05 

1.  I8E-C5 

1910 

4.24E-04 

2.42E-05 

1.20E- 04 

1.29E-04 

3960 

1.79E-04 

2.41T-05 

l. !2r-05 

1. 21F-05 

3990 

4.1  7E-05 

2.27F-05 

1.05E-05 

1.  1 7E-C5 

4020 

1 . 7 IE  -0  5 

2.19E-C5 

1.  16E-05 

1.  16E-C5 

4050 

1.99L-04 

2.14T-J4 

1.C4E-04 

1.  14E-05 

4000 

3 . 39? -04 

2. 12E-04 

1.14E-05 

l.  l«E-05 

4110 

1.89F -05 

2.14E-0S 

l.  14C-05 

1.  |9f-04 

4140 

4 , l CC -05 

2.02F-04 

9.01F-06 

l.  14F-C5 

4170 

4.26E-04 

2.25F-04 

1.22E-05 

l.  14E-05 

4200 

1.38r-05 

2.23F-05 

9.04E-06 

1 . 2 IE  -04 

4210 

1.53E-05 

2.14E-05 

1.1  IE-05 

1. 19E-05 

4260 

2.56E-05 

1.96E-05 

1.24F-05 

1.19E-C5 

4290 

1.9  IE -0  5 

2. 19C-04 

1.1  TE-05 

9.02C-06 

4120 

3.50E-05 

2.24E-04 

9.93F-06 

1.17E-04 

4150 

3.17E-04 

2.1HE-05 

1.  17F-05 

1.  10E-05 

4100 

3.24C-05 

I.87F-05 

1.09E-05 

1.12E-05 

4410 

1.14E-04 

2.1  IE-06 

1.04E-04 

1.14C-C5 

4440 

!.7ir-05 

?.32r-04 

1.09E-04 

l.  12C-04 

44  70 

1.28E-05 

2.21T-05 

I.C2E-05 

1.14E-C5 

4500 

1.42E-04 

1.99C-05 

1.C5C-05 

1.  18E-05 

46 


FLIGHT  NO.  C-400 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  22AR  CATE  10/03/77) 

DATE  120A76  FLIGHT  \C.  C-AOO  GROUND 

l CVEL  AL  T I TUOr 

(H)  . 

ALTITUDE 

TOTAL 

VOLUME  SCATT6RIN 

G COEFFICIENT 

(PER  "I 

CM) 

FILTERS  2 

* 

1 

3 

*530 

3. 3 IE -06 

1.7HE-05 

1.  1AE-0S 

I* 22E-0S 

*560 

3 .9  IE -05 

2.156-05 

1.  10E-05 

1 . 2 7C  - 0 5 

*590 

3./9E-05 

1.66E-0S 

1.20E-05 

I.  ORE -OS 

*620 

*.0*C-06 

2.326-06 

1.1AE-0S 

1.22E-C5 

*650 

3 • *0E -06 

i. 79F-06 

1.03C-0S 

1.  1HF-0S 

*680 

3.996-06 

1.986-05 

1.0AE-05 

l.  12E-0S 

*710 

3. *76-05 

1.956-05 

I.O5E-0S 

1.  17E-0S 

*7*0 

3.78E-05 

2.326-05 

H.6RE-06 

1.  1AC-0S 

*770 

J.65E-06 

2.07E-05 

1.  ISE-OS 

1.  1AE-0S 

*800 

3.65E-05 

2.066-05 

1.  13E-05 

1.02E-05 

*8  30 

3.526-06 

2.066-06 

».7TE-06 

1.1TE-0S 

*860 

3.9  3E  -05 

1.866-06 

1 • COE-OS 

1.  12E-0S 

*890 

3.806-05 

2.166-05 

1.  12E-05 

1.  1RC-05 

*920 

3.56C-05 

2.186-05 

1.13E-05 

1.26C-05 

*950 

3 .5*6-06 

1 .9*  E— 05 

R.RBE-06 

1 • 2 IE- OS 

*980 

3. 576-06 

2.  196-06 

B.BSE-06 

1.  1SF-0S 

5010 

3.776-05 

2. 006-05 

B.  IRE-06 

1.06E-0S 

50*0 

3 .656-05 

1.7RF-C5 

R.  72E-Ofc 

l.  36E-05 

5070 

3.666-06 

l .97E-0S 

7. 'RE-06 

I.12C-0S 

5100 

3.9  36-0  6 

< l.OftF-06  ) 

I7.S6E-P6  I 

U 12E-0S 

FIRST  DATA 

ALT  *80 

HflO 

ABO 

ABO 

LAST  DATA 

ALT  6100 

50  70 

SO  70 

S100 

FLIGHT  NO.  C-400 
EQUIVALENT  ATTENUATION  LENGTH 


(JOB  22HII 

OATF 

io/owtt) 

DATE  120*76 

FI! 

jM  T 

NT).  C- 

40  0 

GROUND 

LEVEL  At  T I TUDr  (Ml- 

AIT! TUDE 

C0U1VALCNT 

ATTtNUATlnN  ICNGTH 

(M) 

!M)  FI  ITERS 

? 

4 

4 

i 

> 

0 

9 

.rtc 

0 1 

6.*1E 

0 * 

1.6  It 

04 

1.R2F 

04 

>00 

1 

.OOF 

04 

6. HE 

0 4 

1 . 66E 

04 

1.R1E 

04 

600 

9 

. ItE 

0 * 

6.  TRC 

0 4 

1.6AC 

04 

l.t2r 

04 

000 

7 

.«SE 

0 t 

7. IRE 

04 

1.0  It 

0 4 

2.  ORE 

04 

1200 

8 

.OHF 

0 \ 

A . 6 l F 

C 4 

1.12C 

04 

2.1  IE 

04 

1100 

A 

.7  11 

0 ^ 

0.  IOF 

0 4 

l.lOt 

04 

2.  l*E 

04 

IAOO 

9 

.IOC 

0 * 

1.02F 

04 

1 • 6 Tt 

04 

2.26F 

04 

2100 

9 

.OIF 

0 4 

l.llE 

04 

I.R1E 

04 

2.  A6F 

04 

2*00 

• 06F 

04 

1 • 2 1 f 

04 

2 • 0*E 

04 

2.6tF 

04 

2 TOO 

. 1 JF 

04 

l,  »ie 

04 

2.221 

04 

2. ROC 

04 

1000 

.101 

04 

l.*U 

0 4 

2.  WE 

04 

I.OtE 

04 

1100 

.2sr 

04 

1 .11 1 

04 

2.16C 

04 

I.2RC 

04 

1600 

.lie 

04 

1.60E 

04 

2.T2E 

04 

l.*7E 

04 

1000 

. 16E 

0 A 

1.6RC 

04 

2. MFC 

04 

1.61E 

04 

*200 

,*or 

0 4 

1.  To! 

04 

1.02C 

04 

1.  7tE 

04 

*100 

• *sr 

04 

l.Hir 

04 

1. 16F 

04 

i.t*c 

04 

*«00 

.IOC: 

04 

1.  Ml 

04 

J.  IOC 

04 

*.  OTE 

04 

MOO 

.S*C 

04 

l.ORF 

04 

l.*lt 

04 

* • 20E 

04 

FLIGHT  NO.  C-400 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 

i 


r 

ALTITUDE 

VCRTIF.  Al  rtrAR 

transmittance 

FROM  GROUND  TFI 

ALTI  TUTC 

IMI 

FIITERS  2 

4 

1 

5 

0 

l.OOC  00 

i.ooe  oo 

l.roe  oo 

I.OOE  00 

100 

t.TOt -0 l 

t.HF-Ol 

t . A2E-0  1 

t.A*C-01 

600 

t.  IT!  -01 

t.HF-01 

t . 61E- 0 1 

t.6te-oi 

too 

A.O2F-0; 

A.HAE-01 

t.*6E-0l 

t.lRt-01 

1200 

R.6  2F-0  l 

R. TOF-Ot 

t.2*E-01 

t.AlE-OI 

1100 

R.*2t-01 

R.12E-01 

t.OSE-Ol 

t.  12E-01 

1 A 00 

R.2*t-01 

A.  IRE-01 

R.tRC-01 

t. 2 IE- 01 

2100 

R.0tE-01 

R.2RE-0I 

R.tlE-01 

t.lRF-01 

2*00 

T.tRF-Ol 

R.20E-0I 

H.A9F-01 

t. 11C-01 

2 TOO 

T.RRE-01 

R.l*E-OI 

R.R6E-01 

t. 1 lt-Ol 

1000 

T.TRF-Ol 

A.OtF-Ol 

R.R2F-01 

t. ORE- 01 

y ioa 

7.60C-OI 

H.O  IE-01 

R.7RE-01 

t.OAE-Ol 

1600 

T.ltC-Ol 

T.tRE-01 

A.76F-01 

t.OlC-01 

itoo 

T .IOC -0 1 

7 . 1 1E-0  1 

R.  7 ID- 01 

R.tRF-Ol 

*200 

T. *11-0  1 

7. ATE-01 

A.  TOE-01 

R.tlt-01 

*100 

T.HC-01 

T.R2E-0I 

R.67E-01 

R.92E-01 

4 AOO 

T.26E-01 

T. TRF-Ol 

A.64e-0l 

R.BtE-01 

MOO 

T.18E-01 

7. TIE-01 

R.62E-01 

A.  R6C-0I 

7-68 

/ 

L _ 

L 

FLIGHT  C 401  5 DECEMBER  10/0  DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


Data  Interval 

L i 

Solar  Zenith  Angle 

Flight 
Altitude 
(meter*) 
(nun)  (max' 

Average 

Terrain 

1 leva t ion 
(meters ' 

t iltor 
Ident 

— j 

Start 

(GMT) 

- ! 

End 

(GMT) 

I J 

Elapsed 
(hrs)  (min) 

i , 

Initial 

(degrees) 

Solar 

Transit 

(degrees' 

i 

Final 

(degrees) 

2.3 

1040 

1227 

1 47 

72.5 

70.4 

AT  8 

390  5190 

48 

4 5 

1233 

1428  , 

1 55 

70.9 

L ...i l 

78.2 

420  5190 

46 

Flight  C 401  was  a midday  flight  spanning  local  apparent  noon  Scattered  cumulus  and  scattered 
thin  cirrus  did  not  interfere  with  collection  of  data. 

Tito  approximate  east  to  west  Bruz  track  was  centered  south  of  Rennes  in  northwestern  France 
Typical  terrain  features  were  green  fields  interspersed  with  some  brown  areas  and  dark  green  trees 

The  in  flight  observer  noted  thin  scattered  cirrus  throughout  the  flight  with  scattered  cumulus 
at  900  to  1050  meters  (3000  to  3500  feet)  forming  after  1230  GMI  Multiple  haze  layers  present 
in  the  morning  became  more  dense  in  the  afternoon. 

Rennes  St.  Jacques,  north  of  the  center  of  the  track,  reported  1 8 cumulus  at  000  meters 
(2000  feet)  and  1 8 to  2 8 thin  cirrus  at  7500  meters  (25000  feet)  throughout  the  peiuxi 
Visibility  was  112  to  35  kilometers 

St.  Nazaire  Montoir,  south  of  the  track  reported  1 8 cumulus  and  stratocumulus  at  000  meters 
(2000  feet)  and  11.2  kilometer  visibility  at  0900  GMT  There  were  no  other  observations  re- 
ported from  this  station. 

Nantes  Chateau  Rougon,  south  of  the  track,  had  1 8 cumulus  at  750  meters  (2500  feet).  1 8 
altocumulus  at  4500  meters  (15000  feet)  and  1 8 thin  cirrus  at  7500  motets  (25000  feet' 
Visibility  ranged  from  11  2 to  30  kilometers. 

Anbers  Ar vi lie.  southeast  of  the  track  had  1 8 cumulus  at  750  meters  (2500  feet)  and  1 8 
thin  citrus  at  7500  meters  (25000  feet).  Visibilities  were  112  to  20  kilometeis 

The  radiosonde  station  at  Brest  was  approximately  200  kilometers  westnorthwest  of  the  centei 
of  the  track  The  upper  winds  flowed  front  the  region  of  the  radiosonde  station  toward  the  track. 

The  surface  chart  for  1200  GMT  showed  that  a complex  low  dominated  northern  Etitope  and  the 
northern  Atlantic.  A 960-millibar  low  had  an  occlusion  oriented  4 degrees  west  of  the  liislt  coast  and 
8 degrees  from  western  France.  There  was  an  open  995  millibar  low  located  near  Paris  Some  weak  ridging 
between  the  two  lows  occurred  ovei  the  area  of  Rennes  At  500  millibars  there  was  a low  north  of  Bergen 
together  with  weak  ridging  off  France  and  into  southeastern  Ireland  and  Great  Britain  1 hi s ptessuie 
combination  prixJucnd  moderate  northwesterly  flow  ovei  the  flight  region  The  airmass  was  unstable  man 
time  ix’lar 


7-89 


MM) 


FLIGHT  NO.  C-401 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


ijob  cate  po/.’a/tti 

DATE  1205  76  El  1 CHT  AC.  C-601  CROUNO  IEVEI  ALTITUDE  (Ml-  *6 


ALTITUDE  TOTAL  VOLUME  SCATTERING  COEFFICIENT  (PER  Ml 


IM! 

FILTERS  2 

6 

1 

5 

0 

(8.076-05  1 

IR.56E-05  1 

( J.68E-05 

1 

(1.516-05  ) 

JO 

I8.0JF-05  1 

(R.ME-05  ) 

1 1.66E-05 

1 

(1.516-06  ) 

60 

1 8 .0  IE  -0 6 ) 

I8.69E-05  1 

( 1.65E-05 

) 

T1.51E-C5  1 

TO 

I7.99E-05  1 

I 8.66E-05  I 

( 1.66E-05 

1 

(1.50E-05  1 

120 

I7.97E  -05  ) 

18.666-05  1 

( J.HE-05 

I 

(1.69E-C5  ) 

150 

I7.96E-05  I 

(8.626-05  1 

( J.E2E-05 

1 

(1.686-05  1 

180 

I7.91E-05  1 

(8.606-05  I 

1 1.61E-06 

) 

(1.67E-05  1 

210 

(7.91E-05  1 

(8.18E-05  1 

( 1.61E-05 

) 

1 1.666-05  1 

260 

17.89E-05  ) 

( 8.166-05  I 

1 1.60C-05 

) 

71.65E-06  I 

2 70 

(7.87E-05  1 

(8.166-05  | 

( 1.59E-06 

) 

( 1.666-06  1 

JOO 

I7.85E-06  1 

(8.116-06  t 

( 1.5BE-06 

1 

(1.616-05  l 

JTO 

17. Bit -06  1 

I 8 . 29 E— 05  1 

( 1. 576-05 

1 

(1.61E-05  1 

J60 

I7.81C-05  1 

(8.276-05  1 

( 1.56E-05 

1 

( 1. 626-05  1 

190 

I7.79E-06  1 

(R.25E-06  i 

1.556-05 

( 1. 616-05  1 

6 20 

I7.77C-05  ) 

8. 221-05 

6.C9E-05 

1.60r-05 

650 

7 .75E-06 

7.87E-05 

1.85E-05 

1. 066- 05 

6 BO 

7.0  IE -06 

7.1 6E-0  5 

1.966-05 

1. 766-05 

510 

8.57r-06 

6.616-05 

1.91C-05 

6.  166-05 

560 

8 .6/C-05 

7 .226-05 

6.11E-05 

6.  166-05 

5 70 

8.  11E-05 

7.60E-05 

1.776-05 

1.  786-05 

600 

7.77E-06 

5.966-06 

1,9  IE— 06 

6. 16E-05 

bid 

6.15E-05 

6.576-06 

6.  196-05 

1.886-05 

660 

7.66L-05 

7.62E-06 

6.  166-05 

1.  806  - 06 

690 

7.62E-06 

6.26E-06 

6,  .176-05 

1.  716-05 

720 

6.7  6£ -06 

7 . J9E-0S 

6.82L-06 

1.666-05 

750 

6.51C-05 

8 • 116-06 

6.66E-05 

2.  756-05 

780 

7.1  IE-05 

7.196-06 

6 • 966-  06 

1.196-06 

810 

6.96E-06 

7.7  IE-05 

6.866-05 

1.  766-05 

860 

6. 16C -06 

6. 1 7E-06 

5.066-05 

1.  756-05 

870 

7.66E-06 

6.78E-06 

5.  .116-05 

1.  766-05 

900 

6.R2E-06 

6.52E-06 

5.29E-06 

1.  116-05 

910 

6.666-06 

5 ,256-06 

6.886-05 

2.  716-05 

960 

7.16E-06 

5.66E-05 

5.126-05 

2.2  IE-05 

990 

6 • 166 -05 

5, 116-05 

6.96E-05 

2.lOr-C5 

1020 

5.62C-06 

6.98E-05 

6.06E-05 

2.  106-06 

1050 

6.896-06 

6. 706-05 

2.976-05 

2. 116-06 

1080 

O.67E-05 

6.61L-06 

1.876-05 

1.816-05 

1110 

7.00E-00 

6. 11E-05 

1.596-05 

1 • 666-06 

1160 

6. 166 -05 

1. 8 11-05 

l.R*C-05 

1.616-05 

1170 

6,966-06 

1.606-05 

1.  77T-05 

1.696-05 

1200 

6 .5  IE  -06 

1,671-05 

1.  116-06 

1.106-05 

1210 

5.66E-05 

T.96E-05 

1.216-05 

7.  696-06 

1260 

5.681-06 

1.21E-05 

2.  716-06 

9.556-06 

1290 

6.096 -05 

2.8  IT-06 

2. 616-05 

9.  166-06 

1120 

6 .5  7t -06 

1.  1 IE-05 

2.216-05 

9.006-06 

1160 

6.65E-05 

1 ,806-05 

2.226-06 

9.  186-06 

1180 

6.286-05 

1.881-05 

2.26F-06 

9. 02E-06 

1610 

6.066.-0  6 

1.8*6-05 

2 • l RE-06 

8.  1 16-06 

1660 

6.  1 1 L -0  5 

1.25E-05 

2.086-06 

7. 606-06 

16  70 

6.R6E-05 

2.116-05 

2.516-06 

7. 106-06 

1500 

6.1  16-05 

1 .5I.L-06 

2.561-06 

7.666-06 

FLIGHT  NO.  C 401 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  At  A?  CAK 


DATE  120576 

r LIGHT  NO. 

0*0  i GROUND 

l 6 VI  l Al  T I TUDf 

ALTITUDE 

TOl  AL 

VOLUMC  SCMT6H1N 

g cnrmcvtNT 

I^f8  M) 

I HI 

rilTFRS 

4 

i 

S 

l*>  40 

4.241-05 

1.92t-0S 

1.926  *05 

7 • ftftV  -06 

1560 

4.90C-05 

2.016*05 

l .066-05 

7.  ft 81  -Oft 

1590 

4. 696-05 

1.98T -OS 

8. 186-06 

7, 041  - 06 

1620 

4.5  7E  -OS 

2.086 -OS 

9.976-06 

8.  9 Or  - Oft 

1650 

4.881 -OS 

2.046-0S 

1.C76-OS 

6. 801-06 

1680 

4 • 6 4 F.  -OS 

2.02t-05 

l . 116-04 

4 . 4 ftf  - Oft 

1710 

4.4SF-0'* 

2.0  16 -OS 

8.506-06 

ft.  4 or  06 

l 7*0 

4.26C-05 

2.0 >6 -OS 

1 • C 16-04 

6.  lftt:-06 

l 770 

4.05C-05 

2. 106-05 

1 .056-05 

7.  h f(  - Oft 

1800 

4.2  76-05 

2. 126-OS 

8.05C-06 

1.29V  - Oft 

18  40 

4.8SF  -OS 

2.0 26-OS 

V.  046 -OS 

s. 92V -06 

I860 

4*446 -OS 

2.056.-05 

1.156-05 

6,906-06 

18*10 

4*076 -OS 

1.776-05 

8.956-0* 

7. 90t-06 

1>20 

4 . 446 -OS 

1.  >Sf-()S 

1 . 146- OS 

ft.  M9(  - 06 

l<*50 

4 ,0‘>L  -0  s 

2.00V -OS 

1.0  76-OS 

ft.«*  It  - Oft 

1*180 

4.S0L -OS 

2.006 -OS 

1.0  4!  05 

6. 9 4|  - Oft 

2010 

4 , 796-05 

2.O2F-0S 

9. i 16-06 

7.  4 It- 06 

2040 

4.741 -OS 

2.106-05 

9.566 -06 

6.  4 11  - Oft 

20  70 

4. 5 16 -OS 

l ,85 6-OS 

8.2  7C-0  6 

7. 4 47  - Oft 

2100 

4.1 l 6 -OS 

2,0  4 6 -OS 

H.  74f -Of 

t . 86V  -Oft 

21  10 

4 .286  -OS 

l . 716-05 

‘>•*■51  -06 

ft  . *1  96  - 06 

2160 

4.  7SF  -OS 

1.896-05 

9.201-06 

7. 1 or -06 

2 1 90 

4,906 -04 

1.8  l 6 -OS 

9. 20f -06 

4 . 79V  -06 

2220 

4. IOC -OS 

l . 7*»6  -Or» 

8.991-06 

7.  on  - or 

2250 

4 . l 8 L -Os 

1 . 726*05 

9.09V -06 

7.  1 41  - Oft 

2280 

4.6  46  -OS 

1 . 78  6-OS 

1.0  46-OS 

9.  2ftV-  - Oft 

2 i 10 

4.  1 U -OS 

l . 7M  -0S 

8.286-06 

9. 2ftV  - lift 

2 440 

4 .9  46  -OS 

l . 7 4F  -CS 

9.576— Ot 

4. 4*»(  - Oft 

2 4 70 

4 ,95V.  -OS 

UK  05 

9.2  2V  - Of 

7.  1 St  - 06 

2400 

4 . 4 U -0  S 

1,766-Os 

i .cor-os 

».  7 V f Of 

24  40 

3.996 -OS 

1.8 16-OS 

8.0 iC-06 

t .Oil 

2460 

4 . 9 2T -OS 

1.756-05 

l • 026-05 

1.041  -05 

24  >0 

4.226  -OS 

l .6  76-OS 

8.896-06 

l .0  71  - OS 

2520 

4.8  n -OS 

l .A9F-0S 

9.SM  -06 

ft.  7 SV  - Os 

2550 

4.746 -OS 

1.676 -OS 

7.52! -06 

6.  > SI  -Oft 

2580 

4.72V  OS 

1 .866-05 

l . o u - o s 

ft.  91 6 - Oft 

2610 

4.1  7 6 -OS 

l .6  46-05 

9.066-06 

7.2  9V  Oft 

2640 

4.  7M  -OS 

\ .686-05 

8.866-06 

8.4  96-06 

26  70 

4 . 4 76  -OS 

1,64V -05 

9.  41V  -0  6 

1 . 4 2v  -Oft 

2 700 

4. 786-OS 

1 .686-05 

8 , 846- 06 

*».05t  -Oft 

2 7 40 

4.  181  -OS 

1.70 E-OS 

9.526-06 

ft  . ft  7 1 - Oft 

2 760 

4.  7 7!  -OS 

l.  7 1 r - 0 s 

9.4  4|  -06 

S . 4 Ol  - Oft 

2 790 

4.621 -Os 

l. 726 -Os 

8.CO6-O6 

t . >ftf -Oft 

2820 

4.S  11. -OS 

l . 7 2 fc  - 0 5 

>.  1 16-06 

8. 52V -Oft 

2840 

4. 42 i -Os 

1 , s 6 f -0  5 

9.466-06 

9,  -Mi  - Oft 

2880 

4.  Ml  -OS 

1 . 7S6-OS 

9. 22!  -Oft 

S.  9 w - Oft 

2 no 

4 .4  It -os 

1 . 706-05 

*».  456-06 

ft.  921  - Oft 

2 >40 

4.2  76  -Os 

t . 746-05 

8 .486-05 

s.  7 4|  -2ft 

2*>  70 

4 . 7ft;  -Os 

l.  7 4 r - 0 s 

9.  Mft«'-Oft 

ft.  2 't  -Oft 

4000 

4. IOC  -os 

1 . 7 If -Os 

9.fc6C-0  6 

S , 4 Ol  -Oft 

r 


FLIGHT  NO.  C-401 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  P A T t 06/24/77) 

OATE  1205  76  FLIGHT  \C.  0*0  i GROUMOLCVFt  At  T I T UO r (*»« 

AlTITUOC  TOTAL  VCLUMf  SCATTERING  CO.  6 F F I C T t N T (PER  * ) 

( w)  FILTERS  2 4 3 


TO  TO 
T060 
3090 
T1  20 
T l SO 
T l 80 
3210 
32*0 
32  70 
3 300 
T3  TO 
3360 
3 T OO 
3*20 
3*50 
3*80 
3510 
TS*0 
3570 
3600 
36  30 
3660 
1690 
3720 
3 7 SO 
3 780 
3810 
38*0 

38  70 
3^00 

39  30 
3 360 
3990 
*020 
*06  0 
*080 
*110 
*1*0 
*1  70 
*200 
*2  30 
*260 
*290 
* » 20 
*360 
*3  80 
**10 
***0 
*4  70 
*6  00 


3 .9  1C  -06 

1 . ?<, C-O* 

7 .106-06 

*.*26-06 

3 * **6-0  6 

i 

1*021  - 05 

7.426-06 

3.826-05 

1.  i-»e-os 

1 . 0600  S 

7. 796-06 

3.656 -OS 

1 .n*E-n5 

9.8  70  0 6 

6. 686-06 

3.1  76-OS 

i.nre-os 

9. 71006 

6.  77C-C6 

3 . * * 6 - 0 S 

l.THf-05 

i.coc-os 

3 3006 

3. 3 HF -06 

l. EhE-Ol 

9. 826-06 

*.  * 3006 

3,866 -OS 

i.sie-os 

1 .0*005 

5.8  31-06 

3 .89  6 -OS 

l.HSE-05 

1.06F-0S 

7.526-06 

3.*or-os 

l . 7ir-os 

9.  2*6-0 6 

7.  4*0  06 

3.866-05 

1.H2E-05 

8. *66-06 

7. 366-06 

3.  3 7F-0S 

1.71E-05 

9.896  -Of, 

4.0*6-06 

3*826-05 

l .SRE-O* 

l .0200  S 

7.  tOE- 06 

3. 3*F -OS 

l. IRE-05 

l. 076-05 

7 . * 36  - 06 

3.506-05 

1.6.E-05 

8 , 5 IF. “06 

6.2  36-06 

3.9*1 -OS 

1.69E-05 

8. 7 3E-06 

5,036-06 

2 .96C-0S 

1.67E-05 

9.S6E-06 

*.  1 38-06 

3. 36F -OS 

1.57E-OS 

9 . * IF  - 0 6 

4,  326-06 

* .ou-os 

i.stF.-ns 

1.01E-05 

4 , 5 76  - 06 

3. 626-05 

1.59E-05 

9.596-06 

3. 666 -06 

3.586-05 

I.  7 7E-Or' 

9. 726-06 

5.646-06 

3.5*1  -Os 

l.’sot-or. 

9.866-06 

T,  786-06 

3. 71  e-OS 

1.51E-C5 

9.6<r-06 

4.056  - 06 

3.886 -06 

1.5. E-OS 

1.02005 

3. 8*8-06 

3.89E-0  6 

1.5(IF-0S 

1 .02F -06 

2.  96F-06 

3.9  16-06 

l..<7F-05 

1 • 02005 

3.9*8-06 

3.92F -OS 

1.  7 1005 

1.02F-05 

4.9*6  - 06 

3.776-06 

t.SJF-os 

9.6*6-06 

4.558-06 

3.56F-0S 

1..7E-0S 

9. 61006 

2.4  36-06 

3 .6  76  -OS 

1.75E-05 

1.10E-05 

3.076-06 

3.  7 7005 

1 ..HE-0  5 

6.6  3E-  06 

5.  786  -06 

3 .*26 -06 

1 . 5 IE— 05 

1*016-05 

7.006-06 

3.886  -06 

l. 76  0 05 

7.8*6-06 

7.  1 36-06 

3 .8  7f  -05 

1..7C-05 

7.09F-Ofc 

6.906-06 

3.* It -OS 

1.5/E-05 

7, 901  - 06 

6.6  76  -06 

3.*  31  -06 

1.27C-0S 

l.  10F-05 

4. 31F-06 

3. *96 -06 

1.51 E— 05 

9 . 76  0 0 6 

6. 1 36-06 

3 .52005 

1.50E-05 

7.6  IT-06 

6.416-06 

3 .6  100  5 

1..1E-05 

8.5*C-06 

6 . 64C  - 06 

3.4  5006 

1.5  IE-05 

R. *26-06 

6.  296-06 

2.85006 

1.5  11 -0  5 

8.0  71-06 

7.4*6-06 

3 . 386 -06 

1.WO05 

8.  3 Of—  06 

5.  1 7r-06 

3.  31005 

1..5E-05 

5 • 986- 06 

7.  1 16-06 

2.  77 6 -05 

1.26005 

8.01F-06 

6. 366-06 

2 • 8 7005 

1 ..M-05 

8.076-06 

5. 806-06 

2.9TF-05 

1.56E-05 

8.126-06 

5.236-06 

3 .*  31-05 

1..7E-05 

8.4*6-06 

6.  7 86-06 

3.1  31  -06 

1.56005 

9.  1 16-06 

5.  306  -06 

3.196 -06 

1.51E-05 

8.  306-06 

5. 4*8-06 

2.79005 

1 .SilE-05 

7 .520  06 

5 . 5 7f  - 06 

4 6 
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FLIGHT  NO.  C-401 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 

1 


(JOB  *112  DATE  06/;*/ 7 7 ) 

DATE  1 2 OB  76  FLIGHT  NO.  C-*0  l GROUND  LEVEL  ALTtTUCF  (Pl«  *6 


ALTITUDE 

TOTAl 

VCLUHE  SCATTERIN 

G coefficient 

(PER  *> 

(Ml 

FILTERS  2 

* 

J 

5 

*5T0 

3.  16E-0* 

1.50E-05 

7.52E-06 

5.*5C-06 

*660 

J.27C-05 

l.*6E-05 

R.1JE-06 

5.  *9E  -06 

*590 

1.06E-05 

l.*9E-05 

8.26E-06 

6.  10E-06 

*620 

3.  J2L-05 

1.27E-05 

T.8TF-06 

6* 1*E- 06 

*650 

3.  J1E-05 

l.**E-05 

7.7*C-06 

6. 18E-06 

*680 

3.06E-05 

1. 39E-06 

9.09E-06 

5.**E-06 

*710 

T.23E-05 

l.*0£-05 

6.  76E-06 

6.97E-06 

*7*0 

2.7JE-05 

l. J7E-05 

8. 7*E-06 

7.  * 7E-  06 

*7  70 

T.16E-05 

1. J8E-05 

5.32C-06 

6. l*E-06 

*800 

2.85E-05 

1.35E-C5 

7.97E-06 

5.62E-06 

*8  TO 

3.13E-05 

1. JlE-05 

7 •0*E-06 

5.92E-C6 

*860 

2.86E-05 

1.35E-05 

8.33E-06 

6.*0E-06 

*890 

2.*lE-05 

1.  JOC-OS 

7'.  T9C-06 

6. 6 IE -06 

*920 

2.89E-05 

1.T2E-05 

7.21C-06 

6. 08E-06 

*950 

T.23E-05 

1. 3 3E-05 

8.67E-06 

7.51E-06 

*980 

3.  18E-05 

1.28E-05 

7.5*C-06 

6.  J7E-06 

5010 

3.  1 JE-OS 

1.29E-0S 

6.60E-06 

7.*0E-06 

50*0 

2.85E-05 

1. JlE-05 

7.  J7C-06 

5.72E-06 

5070 

2.97E-05 

1.22E-05 

R.S*E-06 

5.03E-06 

5100 

2.82E-05 

1.27E-05 

7.17E-06 

5. 15E-06 

51  JO 

2.66E-0S 

l. J2E-05 

8.33E-06 

5. 15E-06 

5160 

2.50E-05 

1. T0E-05 

7. 10E-06 

7.5*E-06 

5190 

2.*8E-05 

1.28E-0* 

7.82C-06 

( 7.51E-06  ) 

52  20 

12.*8E-0S 

1 U.28E-0S  ) 

I7.80E-06 

1 

1 7.69E-06  1 

5250 

(2.A7E-OS 

) ( 1.27E-05  1 

( 7. 77E-06 

1 

( 7.*7E-06  1 

5280 

(2 .*6E -05 

) 1 1.27E-05  1 

( 7.  75E-06 

1 

l7.**E-06  1 

5310 

I2.55E-05 

1 ( 1.26E-05  1 

( 7.  73E-06 

) 

( 7. *2E- 06  ) 

5 J*0 

(2.*5E-05 

1 ( 1.26E-05  ) 

( 7 • TOE- 06 

) 

( 7.AOE-06  1 

53  70 

l2.**C-05 

1 ( 1.26E-05  1 

( 7.68E-06 

) 

T7.37E-06  1 

5*00 

(2.53C-05 

1 (1.25E-05  1 

( T.65C-06 

) 

(7.35E-06  1 

FIRST  ORTA 

ALT 

*50 

*20 

390 

*20 

LAST  DATA 

ALT 

5190 

5190 

5190 

5160 

7-74 
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(JOB  *112  DATE  06/  2A/7  7 I 

DATE  120576  FLIGHT  NO.  C-*0  1 GROUNO  LEVEL  ALTTTUOF  (N).  66 


IN) 

FILTERS 

? 

4 

1 

5 

0 

1.2*E 

04 

1.17C 

0* 

2.726 

04 

2.81E 

0* 

100 

1.26E 

04 

1.196 

0* 

2.76E 

04 

2.87E 

0* 

600 

1.26E 

04 

1.2*E 

0* 

2.696 

04 

2.816 

0* 

900 

1.11E 

04 

1.  HE 

0* 

2.  ATE 

04 

2.806 

0* 

1200 

1.16E 

04 

1 . *56 

0* 

2. *56 

04 

1.156 

0* 

1500 

l.*6E 

04 

1.626 

0* 

2.666 

04 

1.69E 

0* 

1800 

1.55E 

04 

1.8  IE 

0* 

1.016 

04 

*•206 

0* 

2100 

1.65E 

04 

2.01E 

0* 

3.156 

04 

*.676 

0* 

2*00 

1.7*6 

04 

2.196 

0* 

1.666 

04 

5.086 

0* 

2 TOO 

1.81E 

04 

2.156 

0* 

1.96E 

04 

5.  *16 

0* 

1000 

1.886 

04 

2. NOE 

0* 

*.2*6 

04 

5.806 

0* 

1100 

1 .9*6 

04 

2 .6  IE 

0* 

*.*7E 

04 

6.  166 

0* 

1600 

1.996 

04 

2.766 

0* 

*.  TOE 

04 

6.52E 

0* 

1900 

2.016 

04 

2.R9E 

0* 

*.906 

04 

6.916 

0* 

*200 

2.0  7C 

04 

1.0  IE 

0* 

5.116 

04 

7.216 

0* 

*500 

2.126 

04 

1.  HE 

0* 

8.  326 

04 

7.  *96 

0* 

*800 

2.166 

04 

!.2*E 

0* 

5.526 

04 

7.75E 

0* 

5100 

2.216 

04 

1.156 

0* 

5. 726 

04 

8.  COE 

0* 

5*00 

2.276 

04 

3. *66 

0* 

5.90E 

04 

8.  19E 

0* 

FLIGHT  NO.  C-401 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ITUOE 

VERTICAL  BEAM 

TRANSMITTANCE 

FROM  GROUND  TO 

ALTITUDE 

INI 

FILTERS  2 

* 

1 

5 

0 

1.006  00 

1.006  00 

1.006  00 

1.006  00 

10(7 

9.766-01 

9.75T-01 

9.896-01 

9.906-01 

600 

9.5AE-01 

9.51E-01 

9.78E-01 

9.  796-01 

900 

9.1*6-01 

9. l*E-0 1 

9.6*6-01 

9.68E-01 

1200 

9.166-01 

9.216-01 

9.52C-01 

9.6  36-01 

1500 

9.02E-01 

9.12E-01 

9. *56-01 

9.606-01 

1800 

8.90C-01 

9. 066-01 

9. *26-01 

9.586-01 

2100 

8 .806  -0  1 

9,016-0 1 

9.396-01 

9.566-01 

2*00 

8.71F-01 

8.966-01 

9.376-01 

9.5*6-01 

2700 

8.616-01 

8.916-01 

9.  1*6-01 

9.51E-01 

1000 

8.526-0  1 

8.876-01 

9.326-01 

9.506-01 

3100 

8. *16-01 

8. 826-01 

9.296-01 

9,  *RE-Ol 

1600 

8 . 3*E -0  1 

8.786-01 

9.266-01 

9.  *66-01 

3900 

8.256-01 

8 • 7*F-C l 

9.21C-01 

9. *56-01 

*200 

8.166-01 

8.706-01 

9.216-01 

9.  *16-01 

♦ 500 

8.096-01 

8.666-01 

9.19E-01 

9. *26-01 

*800 

8.016-01 

8.626-01 

9.176-01 

9. *06-01 

5100 

7.9*6-01 

8.596-01 

9.  15C-01 

9.  386-01 

5*00 

7.886-01 

8.566-01 

9.116-01 

9.  366-01 

7-75 
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FLIGHT  C 402  6 DECEMBER  1976  - DESCRIPTION  OF  FLIGHT  AND  WEATHER  CHARACTERISTICS 


1 1 

Data  Interval 

Solar  Zenith  Angle 

Flight 

Altitude 

Solar 

Filter 

Start 

End 

Elapsed 

Initial 

Transit 

Final 

(meters) 

Ident 

(GMT) 

(GMT) 

(hrs)  (min) 

(degrees) 

(degrees) 

(degrees) 

(min)  (max) 

! 2.3 

1201 

1318 

1 17 

70.6 

— 

72.9 

390  3900 

4.5 

1324 

1445 

1 21 

73.2 

79.9 

1 

420  3840 

Average 

Terrain 

Elevation 

(meters) 

46 

46 


Flight  C-402  was  an  afternoon  flight  beginning  shortly  after  noon.  There  were  scattered  cumulus 
clouds  and  scattered  to  broken  cirrus  with  at  times  no  clear  sky. 

The  approximate  east  to  west  Bruz  track  was  centered  south  of  Rennes  in  northwestern  France. 
Typical  terrain  features  were  green  fields  interspersed  with  some  brown  areas  and  dark  green  trees 

The  in-flight  observer  noted  that  there  were  lots  of  weather  variations.  Scattered  cumulus 
clouds  had  bases  1050  to  1500  meters  (3500  to  5000  feet),  scattered  altostratus  at  2400  to 
4500  meters  (8000  to  15000  feet),  scattered  to  broken  cirrus  at  6000  meters  (20000  feetl  were 
present  with  moderate  haze.  It  was  noted  that  the  haze  was  surprisingly  heavy  for  post  frontal 
conditions. 

At  Rennes  St.  Jacques,  north  of  the  center  of  the  track  there  were  3 8 cumulonimbus  at  600 
meters  (2000  feet),  4 8 to  6 8 altocumulus  at  4500  meters  (15000  feet).  5 8 to  7 8 thin  cirrus 
at  6000  to  6600  meters  (20000  to  22000  feet).  Visibility  was  11.2  to  18  kilometers. 

St.  Nazaire-Montoir,  south  of  the  track,  reported  5 8 cumulonimbus  at  600  meters  (2000  feet) 
becoming  cumulus  and  stratocumulus  at  690  to  750  meters  (2300  to  2500  feet),  6 8 altostratus 
at  4500  meters  (15000  feet).  7 8 cirrus  at  6000  to  6600  meters  (20000  to  22  000  feet).  Visibil- 
ity was  11.2  to  20  kilometers. 

Nantes-Chateau  Bougon.  south  of  the  track  center,  reported  2 8 to  3 8 cumulus  and  strato- 
cumulus at  750  to  1050  meters  (2500  to  3500  feet),  3 8 to  5 8 altocumulus  at  2700  to  4500 
meters  (9000  to  15000  feet).  6 8 to  7 8 thin  cirrus  at  7500  meters  (25000  feet).  Visibility 
was  11.2  to  20  kilometers. 

Anbers  Avrille.  southeast  of  the  track,  reported  3 8 to  4 8 cumulus  and  cumulonimbus  at 
750  meters  (2500  feet).  4 8 to  6 8 altocumulus  at  4500  meters  (15000  feet),  5 8 thin  cirrus 
at  7500  meters  (25000  feet).  Visibility  was  10  to  20  kilometers. 

The  radiosonde  station  at  Brest  was  approximately  200  kilometers  westnorthwest  of  the  center 
of  the  flight  track.  The  radiosonde  station  was  upstream  from  the  track. 

The  surface  chart  for  1200  GMT  had  an  extensive  storm  with  a 956-millibar  low  at  56N  12W  and  a 
970-millibar  low  at  52N  31W.  An  occlusion  that  had  passed  through  France  was  now  along  a line  through 
the  North  Sea-Luxemburg  Bordeaux  then  as  a cold  front  into  the  Atlantic.  At  500  millibars  there  was  a low 
off  northern  Ireland  associated  with  the  surface  low  that  produced  a strong  westsouthwesterly  gradient 
and  winds  over  western  Europe.  The  airmass  was  unstable  maritime  polar. 
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FLIGHT  NO.  C-402 

BRUZ 


SYMBOL  FILTER 


STHSCl  filter 


Al.  VOLUME  SCATTERING  COEFFICIENT  (PER  Ml 


equivalent  attenuation  LENGTH  (Ml 


STMPO.  FI:  TtR 


IRRAOI ANCE  (M  SQ  M UM1 


5 

:THBCL  1 

r ILTER 

o 

♦ 

r onw 

® 

• 

■t  ONW 

* 

3 CNW 

t 

5 ENA 

xr  > • 

t t V 1 

f 

► < 4 

f 

{ 

1 j 

> i 

D 

* 

* 1 
* -H 

ft 

<■  * 
c cl 

. r 

7/  < 

L_ 

i • <K 

cT^T * * ^ 

£ 
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FLIGHT  NO.  C-402 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 


noe  097 

DATE  09/26/771 

DATE  1206  76 

FLIGHT  NO. 

C-602  GROUND 

LEVEL  ALT1TU0F  INI-  6 

ALTITUDE 

TOTAL 

VOLUME  SCATTERING  COEFFICIENT 

(PEA  H) 

IN)  FILTERS  2 

6 

3 

5 

0 

I5.76E-05 

1 (6.62E-05  1 

(6.97E-05 

1 

1 7.  996 -05  1 

30 

I5.71E-05 

) (6.3«E-05  ) 

16.936-05 

) 

1 7.956  - 05  1 

60 

(5.70E-05 

1 16. 376-05  1 

(6.92E-05 

) 

I7.91E-05  ) 

90 

I5.68E-05 

) (6.36E-05  1 

( 6.906-05 

1 

17.916-05  1 

120 

(5.67E-05 

1 <6. 366-05  I 

1 6.886-05 

1 

17.89E-05  1 

ISO 

I5.65E-05 

) (6.33E-05  ) 

( 6.866-05 

I 

1 7.876-05  1 

ieo 

(5.646-05 

1 (6. 316-05  I 

(6.856-05 

) 

( 7.856-05  1 

210 

15  .62E-05 

) ( 6.29E-05  1 

I 6.836-05 

1 

(7.816-05  1 

260 

(5.6ie-0S 

1 (6.28E-05  1 

(6.81E-05 

> 

I7.81E-05  ) 

270 

I5.59E-05 

1 1 6. 26E-0  5 1 

(6.796-05 

) 

( 7.  796-05  1 

300 

(5.586-05 

1 (6.26E-05  ) 

(6.786-05 

) 

( 7.  776-05  1 

330 

I5.57E-05 

1 1 6. 236-05  1 

(6. 766-05 

) 

( 7.  756-05  1 

360 

(5.35E-03 

I (6.2IE-05  ) 

(6.76E-05 

> 

( 7.  736-05  ) 

390 

I5.56E-05 

1 I6.19E-05  ) 

6.726-05 

(7.716-05  1 

620 

I5.52E-05 

) <6.186-05  1 

6.566-05 

I7.69E-05  ) 

630 

5.51E-05 

16.166-05  1 

6.796-05 

7.676-05 

680 

5.30E-05 

6. 16E-05 

6.446-05 

7.476-05 

510 

5.62E-05 

6.23E-05 

6.456-05 

7.866-05 

560 

6.88E-05 

6. 166-05 

6.  376-05 

7.  106-05 

570 

6.HTE-05 

5.976-05 

6.226-05 

7.  186-05 

600 

6.57E-05 

5.96E-05 

6.C3E-05 

7.166-05 

630 

6.82E-05 

5.56E-05 

5. 806-05 

6.856-05 

660 

4.356-05 

5.58E-05 

5.976-05 

6.92E-05 

690 

6.57E-05 

5.606-05 

6.026-05 

7.00E-05 

720 

5 .JOE-05 

5.676-05 

5.646-05 

6. 756-05 

750 

5.526-05 

5.126-05 

5.146-05 

7.086-05 

780 

5.97E-05 

6.886-05 

4.  796-05 

6.98E-05 

810 

5.89E-05 

6.89E-05 

4.  396-05 

6.596-05 

860 

6.23E-05 

6.75E-05 

4.24E-05 

6.  776-05 

870 

6.16E-0S 

6.726-05 

5.196-05 

6.306-05 

900 

6. 12E-05 

2.936-05 

4. 126-05 

5.636-05 

930 

6.13E-05 

3.056-05 

2.756-05 

5.586-05 

960 

5.95E-05 

2.636-05 

1.  76C-05 

5.216-05 

990 

5.16E-05 

2.866-05 

1.976-05 

5.236-05 

1020 

5.28E-05 

2.26F-05 

1.936-05 

5.176-05 

1050 

5.6RE-0S 

2.626-05 

1.836-05 

5.126-05 

1080 

5.26E-05 

2.666-05 

1.596-05 

4.596-05 

1110 

6.60E-0S 

2.336-05 

1.466-05 

4.576-05 

1160 

6 * 36  E -05 

2.616-05 

1.  72E-05 

4.41E-05 

1170 

6.16E-0S 

2.626-05 

1.346-05 

4.346-05 

1200 

6.39E-05 

2.676-05 

1.366-05 

3.496-05 

1230 

6.25E-05 

2.266-05 

1. 346-05 

3.366-05 

1260 

3.71E-05 

2.636-05 

1.32E-05 

3.06E-05 

1290 

3.946-05 

2.396-05 

1.256-05 

2.826-05 

1320 

6.01E-05 

2.396-05 

1.2BC-05 

2.616-05 

1350 

6.76E-05 

2.306-05 

1.196-05 

2.236-05 

1380 

4.176-05 

2.186-05 

1.206-05 

1.506-05 

1610 

6.566-05 

1.706-05 

1.316-05 

l.  356-05 

1660 

6. 956-05 

2. 10F-05 

1.30E-05 

1.256-05 

1670 

3.95E-05 

2.666-05 

1.306-05 

1.256-05 

1500 

6.05E-05 

2.316-05 

1.37E-05 

1.206-05 

j 
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(JOB 


DATE  OQ/^B/TT) 


Tf  1206  Fi, 

FUCMT  SO. 

C-40  2 GROUND 

Civil  RlTIUlOf 

(M  1 • 

TI7U08 

T0»*1 

vm»*t  sc 47 fir ing  cniFFintNt 

(81*  *1 

1 •*> 

f 1 1 r fus 

4 

1 

4 

»0 

'.068 -05 

2.241-04 

1.2*1-04 

1.  521-04 

1460 

4.061-04 

1.851-04 

1.211-04 

1.271-05 

14*0 

*.708-04 

1.571-04 

l.  181-05 

1.141-05 

1620 

4.  oil -04 

1.661-04 

1.351-05 

1.061-05 

1640 

4.411-04 

1.64F-04 

1.281-04 

4.211-06 

16  00 

4.7*1-04 

2.021-04 

1.281-05 

1.161-05 

l F 10 

4.2  11-05 

2.021-05 

1.148-05 

1.  1*1-05 

17*0 

4.101-04 

2.2 1C-04 

1.221-05 

1.201  -0* 

l F TO 

*.4Ff-0* 

2.141-05 

1.281-04 

1.021-04 

leoo 

4, F4C -04 

2.171-04 

1.251-04 

1.161-04 

18  10 

4.421-04 

2.271-04 

1.248-0* 

1.081-04 

I860 

4.4*1-04 

2.121-05 

1.201-04 

1.078-04 

taoo 

4. )4t -04 

2.121-04 

1.281-05 

l.  1*8-04 

14*0 

4.4  U -04 

2.121-04 

1.221-05 

8.441-06 

1440 

4.181-04 

2.141-04 

1. 511-04 

8.018-06 

1 400 

*.421-04 

2.061-05 

1.288-04 

8.818-06 

2010 

4.861-04 

2.011-04 

1.261-04 

8.  148-06 

2040 

4.0F1-04 

2.2*1-05 

1.261-04 

8.  781-06 

2070 

1 .2  Ft -04 

2.141-04 

1.268-04 

4.  161  - 06 

2100 

2.6*1-04 

2.1  11-04 

1.161-05 

4.4*r-06 

2150 

4.881-04 

1.4*1-04 

1.281-04 

4.428-06 

.'160 

4.601-05 

2.071-04 

1.141-04 

4.248-06 

2 1 40 

1.441-05 

1.441-04 

1.211-04 

4 . 708  - 06 

2220 

1.111-04 

2.041-05 

l. 271-04 

4.808-06 

2240 

1.44E-04 

1.401-05 

1.  121-05 

4.501-06 

22  ao 

4.421-04 

t. 711-04 

1.211-05 

1.021-04 

2510 

4.641-04 

2.071-05 

1.181-05 

4.  101-06 

2)40 

4.181-04 

2.18F-04 

1.  181-04 

8.261-06 

2 5 70 

1.221-04 

2.121-04 

1.  <11-05 

7.861-06 

2400 

1.181-05 

2.061-04 

1.251-04 

7. *61-06 

2410 

1.111-04 

1.47 1-04 

1.148-05 

7.061-06 

2460 

5. 181 -04 

1.881-04 

l.  121-05 

4.  778-06 

2440 

4.801-04 

2.071-04 

1.211-05 

4.048-06 

2520 

4.111-04 

1.841-04 

1.111-05 

8. *18-06 

2450 

1.F51-04 

1.  121-04 

1.211-05 

4 . 808  - 06 

2580 

4.261-04 

1.441-05 

1.068-05 

4.458-06 

2610 

1.441  -04 

2.011-05 

1.  121-05 

0. *78-06 

2640 

♦ .4F1-04 

1. 741-04 

1.181-04 

4.  7*8-06 

26  FO 

1.601 -04 

2.041-04 

l. 078-04 

0.488-06 

2 FOO 

1.171-04 

2.061-04 

1.078  - 05 

1.058-05 

2 F 10 

4.101  -04 

2.041-05 

1.07C-04 

8.  728-06 

2 F60 

4.111 -0  4 

1.4FE-04 

1.048-05 

7 . 608  - 06 

2F40 

*.121-04 

1.801-04 

1.  108-04 

0.  708-06 

2020 

4. 141 -04 

1.401-04 

1.108-05 

8.4*8-06 

2050 

4.621-05 

l. 111-04 

1.058-05 

8.458-06 

2800 

4. 141  -04 

1.641-04 

1.071-05 

0.418-06 

2410 

4.271-04 

1. *41-04 

1.081-05 

1.0*8-04 

2440 

4.601-04 

1.501-05 

1.1*1-05 

0.728-06 

24F0 

4.141-04 

1.561-04 

1.0*1-05 

0.078  - 06 

1000 

1.F8I-04 

1.8*1-04 

1.  1*1-05 

7.448-06 

.*. 
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FLIGHT  NO.  C- 402 

TOlAL  VOLUME  SCATTERING  COEFFICIENT 


(JOB  *197  CATE  09/26/77 ) 

DATE  120676  FLIGHT  NO.  0*02  GROUND  LEVEL  ALTITUOF  (HI*  *,6 


ALTITUDE 

TOTAL 

VOLUME  SCATTERING  COEFFICIENT 

(PER  M) 

( M)  FILTERS  2 

* 

3 

5 

1010 

4. 246-05 

1.90E-0S 

1.02E-05 

7.  1 16-06 

3060 

<►.486-05 

1.33E-OS 

1.056-05 

8.&06-06 

3090 

4.416-05 

1.38E-0S 

1.  146-05 

8.806-06 

3120 

4.586  -05 

1. l*E-OS 

1.006-05 

9.216-06 

3150 

4.36C-05 

1.52E-0S 

1.086-05 

7.596-06 

3190 

4. 296-05 

1.91E-05 

1.016-05 

8.8  06  - 06 

3210 

4. 446-05 

1.89E-0S 

9.376-06 

7.  3 36-06 

32*0 

4.576-05 

l . * l E-OS 

9.896-06 

7.886-06 

32  70 

4.506-05 

1.78E-05 

1.046-05 

8.426-06 

3300 

4.106-05 

1.93E-0S 

1 .026-05 

7.036-06 

3330 

4. 526-05 

1.8SE-0S 

9.936-06 

7.576-06 

3360 

4.* 1C-05 

1.8*E-05 

1.056-05 

4. 546-06 

3390 

4.386-05 

1.91E-0S 

1.026-05 

6.  706-  C6 

3*20 

4.586-05 

1 .8*E-0S 

9.876-06 

7.  316-06 

3*50 

4.466-05 

1.77 1— 0 S 

9.096-06 

8. 356-06 

3*80 

4.416-05 

1.7HE-0S 

9.526-06 

7.466-06 

3510 

4.376-05 

l. 79E-0S 

9.956-06 

6.576-06 

35*0 

5.966-05 

1 . 7SE-0S 

8.546-06 

5.686-06 

35  70 

4. 366-05 

1.69 E-OS 

7.996-06 

5.906-06 

3600 

4.216-05 

1.6SE-0S 

9.636-06 

6. 126-06 

36  30 

4.06C-05 

1. 72E-OS 

9.686-06 

6.48F -06 

3660 

5. 976-05 

1.73E-0S 

1.056-05 

7.  786-06 

3690 

3.876-05 

1.  7*E-0S 

9.586-06 

7.  336-06 

3720 

4.306-05 

1.73E-05 

1.036-05 

7.4  76-06 

3750 

3.616-05 

1.72E-05 

9.806-06 

7.606-06 

3780 

3.856-05 

1.72E-OS 

8.866-06 

5.  756-06 

3810 

3.866-04 

( l. 71E-0S  I 

8.  316-06 

5.926-06 

38*0 

4.206-05 

(1.71  E-OS  ) 

8.046-06 

5.576-06 

3870 

4.446-05 

( 1.70E-0S  I 

(8.026-06  ) 

(4.566-06 

3900 

4.076-05 

(1.70E-0S  1 

(7.99E-P6  ) 

(5.546-06 

FIRST  DATA  ALT 

450 

*80 

390 

450 

last  oata  alt 

3900 

3 780 

3840 

3840 
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FLIGHT  NO.  C 402 
EQUIVALENT  ATTENUATION  LENGTH 


(JOB  A39T  DATE  09/26/771 

DATE  120676  FlIGHT  NR.  C-A02  GROUND  LFVFL  ALTITuRF  (»>  = A6 


ALT1 Tup? 
I**) 


EQUIVALENT  ATTENUATION  L£NGTM  l*M 


FILTERS 


0 

l .7AC 

0* 

l .S6E 

04 

l.AAF 

04 

1.2SE 

04 

300 

1.77E 

0* 

1.58E 

04 

1.A6C 

04 

1.27E 

04 

600 

1.82E 

0* 

1.60E 

04 

l.AUE 

04 

1.29L 

04 

900 

1 .8  IF 

0* 

l • 7 I f 

04 

1.61C 

04 

1.  35F 

04 

1200 

l.BfcE 

0* 

1 • 99  f 

04 

1.9SE 

04 

I.A8E 

04 

ISOO 

1.3AE 

0* 

2.2  4E 

04 

2.29C 

04 

l.  71E 

04 

1800 

1.9SE 

0* 

2. 4 7 E 

04 

2 • 60E 

04 

1.976 

04 

2100 

2 .OOE 

0* 

2.64E 

04 

2. RTF 

04 

2.2  3C 

04 

2*00 

2.0SE 

0* 

2.8  l E 

04 

3.13E 

04 

2. ARE 

04 

2 700 

2.  IOC 

0* 

2.96E 

04 

3.  3 7f 

04 

2.  71E 

04 

*000 

2.12E 

04 

* • 12E 

04 

3.60E 

04 

2.9A6 

04 

*100 

2 . 1 AC 

04 

3.27E 

04 

3.R2E 

04 

3.  166 

04 

*600 

2.156 

04 

3.38E 

04 

A.03E 

04 

3.38E 

04 

3900 

2.  1 86 

04 

3. SOP 

04 

A. 236 

04 

3.S9F 

04 

FLIGHT  NO.  C 402 

VERTICAL  BEAM  TRANSMITTANCE  FROM  GROUND 


TO  ALTITUDE 


ALTITUDE 

VERTICAL  tUAV 

transmittance 

FROM  GROUND  TO 

M Tl  TUDL 

IM) 

FILTERS  2 

4 

I 

S 

0 

l.OCTE  00 

l.OOE  00 

I. COE  00 

1. OOF  00 

300 

9.83E-01 

o.RIC-Ol 

9.80E-01 

9.  77E-OI 

600 

9.68E -0  I 

9.63E-01 

9.61E-01 

9.S5E-01 

■TOO 

7.52C-0  l 

9.49E-0 l 

9.46E-01 

9.  36E-C1 

1200 

9.3  7E-0  1 

9.41E-01 

9.40E-01 

9.22E-01 

1500 

9.26E-01 

9.3SE-01 

9.  37E-01 

9. 16E-01 

1800 

9. 12E-01 

9. 30E-01 

9.  1JE-01 

9.1 3E-01 

2100 

9. OOE -01 

9.24E-01 

9.  30E-01 

9.  10E-01 

2A00 

8.90E-01 

9.  18E-01 

9.26E-01 

9.08F-01 

2 700 

8. HOE  -0  I 

9. 13E-0I 

9.23F-0I 

9.PSE-01 

3000 

8.68C-01 

9.08E-PI 

9.20E-01 

9.03E-01 

3 300 

8.S7E-01 

9.04C-01 

9.  I7E-0I 

9.01E-01 

3600 

8.46F-0  l 

8.99F-01 

9.  ISf-Ol 

8.99E-01 

3900 

8.36E-01 

8.94E-01 

9. 1 2E- 0 I 

8.9  7E-01 
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8.  DATA  INTERPRETATION  AND  EVALUATION 


8.1  METEOROLOGICAL  DATA 

T1u>  basic  discussion  of  meteorological  conditions,  as  presented  in  Section  0 and  summarized  with 
each  flight  description,  is  based  upon  meteorological  data  from  a number  of  sources.  Them  are  hourly 
observations  from  two  or  more  weather  stations  tor  every  flight.  There  are  in  flight  observations  by  an  on- 
board  meteorologist  for  all  but  one  flight.  In  add'tion, there  are  in  flight  hemispherical  pictures  of  the  sky. 


CLOUD  CONDITIONS 

The  airborne  pictures  which  documented  the  cloud  conditions  and  the  observations  by  an  on-board 
meteorologist  during  each  flight  were  described  in  Table  7.2.  Their  general  features  are  summarized  in 
Table  8 1.  The  upper  sky  descriptions  are  divided  into  three  categories,  and  the  lowei  sky  descriptions 
are  divided  into  two  categories 


TEMPERATURE 

The  temperature  measurements  were  made  using  the  AN  AMO  17  aerograph  sot.  The  graphs  of  tern 
(rerature  in  Fig  6-2  indicate  reasonable  agreement  between  the  airborne  temperatures  and  the  radiosonde 
temperatures  in  view  of  the  spatial  differences  between  the  two  measurements.  On  all  the  flights  the 
HAOB  launching  was  81  to  200  kilometers  from  the  flight  track.  Therefore  the  differences  between  these 
aircraft  and  radiosonde  measurements  of  temperature  may  be  due  to  the  temporal  and  spatial  differences 
in  the  two  bodies  of  air. 

For  most  of  the  flights  the  graphs  in  Fig  6 2 show  a relatively  stable  temperature  function  with 
altitude  over  the  flight  time  interval.  This  is  indicated  by  the  general  repeatability  of  the  temperatures 
during  each  profile  time  interval.  The  exceptions  are  Flight  C-396  where  the  temperatures  are  more  van 
able  with  time  in  the  altitude  interval  2.3  to  4 kilometers  and  Flight  C-401  where  the  temperatures  are 
more  variable  above  4 kilometers.  The  data  for  both  flights  were  token  in  the  order  Filter  2.  Filter  3, 
Filter  4,  then  Filter  6.  The  graphs  in  Fig.  6-2  indicate  a monotonic  change  of  temperature  with  time  for  the 
upper  altitude  temperatures  for  C-401  and  the  2.3  to  3 kilometer  riata  for  Flight  C-396  Between  3 and  4 
kilometers  altitude  on  C 396,  however,  the  temperature  is  variable  with  time;  it  decreased,  then  increased 
then  again  decreased  with  time. 
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Table  8.1 


Cloud  Condition  Summary 


Upper  Hemisphere 

) 

Lower  Hemisphere 

Flights 

Category 

Description 

Category 

Description  J 

C-401  (Filters  2.  3) 

1 

Scattered  to  broken  clouds  low 
altitude  clear  high  altitude 

1 

) 

Haze,  no  clouds 

* C-397 

2 

Clouds 

C-390  (Filters  2.  3) 
C-395 

2 

Scattered  to  broken  clouds 

all  altitudes 

1 

Hu/e.  no  clouds 

C-390  (Fi Iters  4.  5) 
"C-391 

C 398 

C-400 

" C-401  (Filters  4,  5) 

C-402 

2 

Clouds 

| 

1 

C-392  (Filters  2 3) 

C-394 

3 

Overcast 

1 

Haze,  no  clouds 

"C-392  (Filters  4,  5) 
C-393 

C-399 

2 

Clouds 



"Pictures  in  Figures  7-1  and  7-2. 


There  were  12  usable  project  flights,  listed  in  Table  7.3,  accomplished  between  25  October  and  6 
December  1976  at  tracks  from  48.02JN  to  54.68C'N  latitude.  Temperature  data  measured  during  these 
flights  can  be  profitably  compared  to  data  from  U.S.  Standard  Atmosphere  Supplements  (1966).  To  fact  I 
itate  this  comparison,  the  average  temperature  profile  measured  during  each  of  the  12  flights  has  been 
superimposed  on  a graph  of  the  temperatures  appropriate  for  45°  and  60°N  latitudes  in  Figs.  8-1  and  8-2. 
The  anticipated  fall  temperature  profile  should  lie  above  the  60°N  latitude,  January  profile  and  near  the 
profiles  for  45°N  latitude  in  spring  fall  and  January  as  specified  in  the  U.S.  Standard  Atmosphere  Supple 
ments  (1966).  The  altitude  scale  in  Figs.  8-1  and  8-2  is  kilometers  above  mean  sea  level  (MSL).  The 
ground  elevations  at  the  test  sites  range  from  0 meters  in  Denmark  to  46  meters  in  France. 

The  temperatures  for  the  first  two  flights  C 390  and  C-391.  in  late  October  are  slightly  above  but 
similar  to  the  45  Spring  Fall  temperatures  at  altitudes  above  1 kilometer.  The  temperatures  for  the  rest 
of  the  flights  are  less  than  but  somewhat  parallel  to  the  45-degree  spring  fall  temperatures  at  all  alti 
tudes  They  all  seem  reasonable  for  these  latitudes  for  late  fall. 
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Both  flights.  C 390  and  C-391,  have  temperature  inversion  layers  near  1 kilometer  altitude.  The  one 
for  C 391  is  particularly  pronounced. 

RELATIVE  HUMIDI  TY 

Relative  humidity  was  computed  front  the  measured  values  of  ambient  temperature  and  dewpoint 
temperature.  The  dewpoint  temperatures  were  measured  using  the  modified  Cambridge  hygrometer  system 
[ Duntley,  eta/.  (1972c)  I and  are  the  third  set  of  data  reported  since  the  modification  was  completed. 


SYMBOL  FLIGHT 


C-390  RODBY 
C-391  RODBY 
C-392  MEPPEN 
C-393  MEPPEN 
C-394  RODBY 
C-395  RODBY 
C-397  MEPPEN 


-20.00  -10.00  0.00 
TEMPERATURE  (DEG  C) 


Fly.  8-1.  Temperature  (or  OPAQUE  II  Flight*  26  October  to  23  November  1976.  Latitudes  53  to  M 68"N 
Compared  to  Temperature  From  U.S.  Standard  Atmosphere  Supplements  (19661. 
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A faulty  output  amplifier  interposed  an  intermittent  spurious  signal  on  the  dewpoint  temperature 
data  beginning  with  Flight  C-395.  Deletions  of  the  spurious  values  are  particularly  apparent  in  the  relative 
humidity  graphs  for  Flights  C-398,  C-400,  and  C-401  in  Fig.  6-3.  Long  straight  line  interpolations  between 
valid  data  points  are  apparent  in  the  C-398  g aph  of  relative  humidity  measured  concurrently  with  Filter  4, 
in  the  C-400  graph  during  Filters  3 and  4,  and  in  C-401  during  Filter  2.  The  dewpoint  hygrometer  was  not 
operated  during  Flight  C-402. 

No  relative  humidities  were  given  in  the  hourly  reports  for  the  local  weather  stations.  Therefore  the 
only  comparison  that  can  be  made  is  to  the  radiosonde  data  on  relative  humidity.  Again,  on  all  the  flights, 
the  radiosonde  launching  station  was  distant  from  the  flight  track.  Therefore  any  differences  depicted  in 
Fig.  6-3  between  these  airborne  and  radiosonde  relative  humidities  may  be  due  to  real  differences  in  the 
two  bodies  of  air,  and  not  necessarily  due  to  instrumental  error. 


O 


Fig-  8-2.  Temperature  for  OPAQUE  II  Flights  2 to  6 December  1976,  Latitude  48.02 'N  Compared  to 
Temperature  From  U.S.  Standard  Atmosphere  Supplements  (1966). 


8-4 


The  graphs  in  Fig.  6-3  indicate  that  relative  humidity  is  less  stable  over  the  time  interval  ot  the 
flight  than  is  temperature.  The  general  structure  with  altitude  is  usually  repeated  for  the  four  profiles, 
but  the  range  of  values  at  any  one  altitude  is  often  quite  large.  Particularly  noticeable  are  the  wide  range 
of  relative  humidity  values  for  Flight  C 390  and  from  1.2  to  2.7  kilometers  and  Flight  C- 398  from  1.2  to 
2.8  kilometers. 


8.2  AIRBORNE  RADIOMETRIC  DATA 

TOTAL  VOLUME  SCATTERING  COEFFICIENT 

The  nephelometer  was  known  to  have  stray  light  problems  during  the  OPAQUE  I deployment  which 
affected  both  the  total  volume  scattering  coefficient  measurement  and  the  volume  scattering  functions 
measurement  at  150  degrees.  Prior  to  OPAQUE  II,  modifications  were  made  to  the  light  trap  at  /-i  150'' 

and  a black  mirror  was  added  near  the  light  exit  port  to  control  interior  stray  light.  In  order  to  determine 
how  well  these  modifications  reduced  the  stray  light  errors,  the  OPAQUE  II  nephelometer  data  were  sub- 
jected to  the  same  analysis  as  the  OPAQUE  I data,  see  pages  8-5  through  8-12  of  Duntley.  er  a/.  (1977). 

Evidence  of  Stray  Light  in  Total  Volume  Scattering  Coefficient  Data.  The  graph  of  proportional 
volume  scattering  function  at  30  and  150  degrees  versus  the  ratio  of  the  total  to  Rayleigh  volume  scat- 
tering coefficient  s Rs  for  the  pseudo-photopic  filter  4 OPAQUE  II  data  is  given  in  Fig.  8-3.  The  curves 
are  the  median  values  derived  from  Barteneva  (1960).  We  have  found  that  the  most  recent  historical  data 
from  deployments  between  1970  and  1976  compared  reasonably  well  to  this  Barteneva  curve  see  Fig.  8-3 
of  Duntley,  et  at.  (1977).  The  OPAQUE  II  proportional  volume  scattering  function  data  for  150  degrees 
versus  the  total  to  Rayleigh  volume  scattering  coefficient  ratio  is  more  similar  to  the  Barteneva  curve 
than  were  the  OPAQUE  I data,  indicating  that  the  bulk  of  the  stray  light  error  in  the  measurement  of  vol- 
ume scattering  function  at  150  degrees  had  indeed  been  corrected  by  the  modifications.  The  graph  of 
proportional  volume  scattering  function  data  for  30  degrees  versus  the  total  to  Rayleigh  ratio  is.  however, 
similar  to  that  of  the  OPAQUE  I data,  see  Fig.  8-4  of  Duntley,  et  al.  (1977).  This  indicates  that  the  stray 
light  error  in  the  measurement  of  total  volume  scattering  coefficient  had  not  yet  been  corrected.  We  have 
since  revised  the  design  of  the  entrance  to  the  primary  light  trap  in  a further  attempt  to  eliminate  the 
problem. 

The  stray  light  error  in  the  total  volume  scattering  coefficient  was  corrected  for  OPAQUE  I data  by 
subtracting  out  a constant  error  C which  was  separately  determined  for  each  filter.  Figure  8 4 is  a graph 
of  the  measured  total  volume  scattering  coefficient  versus  the  volume  scattering  function  at  30  degrees 
for  the  OPAQUE  II  pseudo-photopic  Filter  4 data.  The  lower  curve  is  again  based  upon  the  median  values 
derived  from  Barteneva  (1960).  The  upper  curve  is  the  Barteneva  values  if  a constant  error  C is  added 
to  the  total  volume  scattering  coefficient  for  Barteneva.  The  constant  C was  derived  from  the  OPAQUE  I 
data.  This  graph  indicates  that  the  same  error  apparently  applies  to  the  OPAQUE  II  data.  There  is  slightly 
more  scatter,  but  the  correction  should  be  the  same  or  less  for  OPAQUE  II  and  the  scatter  is  in  the  direc 
tion  of  a larger  error  which  does  not  appear  reasonable. 

Similar  graphs  of  the  data  for  OPAQUE  II  were  made  for  the  other  three  filters.  In  all  cases,  the 
stray  light  error  is  similar  to  the  OPAQUE  I error.  Therefore,  the  same  corrections  were  applied  to  the 


RATIO  OF  TOTAL  TO  RAYLEIGH  VOLUME  SCATTERING  COEFFICIENT  s „s 

Fig.  8-3.  Measured  Proportional  Volume  Scattering  Function  Versus  the  Ratio  of  Total  to  Rayleigh  Volume 
Scattering  Coefficient  for  OPAQUE  II  Pseudo-Photopic  Filter  4 Mean  Wavelength  567  Nanometers. 

OPAQUE  II  data  as  were  applied  to  the  OPAQUE  I data.  The  measured  total  volume  scattering  coefficient 
was  corrected  by  subtracting  the  OPAQUE  I correction  constants:  2.99E-5  for  Filter  2 mean  wavelength 
478  nanometers,  2.37E-5  for  Filter  4 mean  wavelength  557  nanometers,  1.79E-5  for  Filter  3 mean  wave- 
length 664  nanometers,  and  1.40E-5  for  Filter  5 mean  wavelength  765  nanometers.  The  total  volume  scat- 
tering coefficient  data  reported  herein  have  been  corrected  by  these  constants. 

Because  the  correction  is  a subtractive  one.  it  should  be  noted  that  the  scatter  in  the  low  magnitude 
data  has  been  magnified,  whereas  the  variability  of  the  high  magnitude  data  has  been  affected  very  little. 

General  Evaluation.  The  data  reported  for  total  volume  scattering  coefficient  were  measured  during 
the  vertical  profile  flight  elements.  Since  many  different  flight  patterns  were  used  during  OPAQUE  II. 
they  are  summarized  in  Table  8.2.  The  first  pattern  listed  is  a (2  + 4)  profile,  two  filters  at  four  straight 
and  level  altitudes,  with  the  vertical  profile  during  ascent  for  the  first  filter,  and  during  descent  in  the 
second  filter.  This  flight  pattern  was  illustrated  in  Fig.  4-1.  The  elapsed  times  during  the  vertical  profile 
elements  were  summarized  in  Table  6.1.  The  elapsed  time  varied  according  to  flight  pattern  and  altitude 
interval,  ranging  from  2 to  68  minutes. 

The  data  have  been  extrapolated  upward  to  the  nearest  300-meter  altitude  increment.  These  upward 
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VOLUME  SCATTERING  FUNCTION  ( Per  Meter ) a(z,  30°) 

Fig.  8-4.  Total  Volume  Scattering  Coefficient  Versus  Volume  Scattering  Function  at  30  Degrees  for  OPAQUE  II 
Filter  4 Pseudo-Photopic  Mean  Wavelength  557  Nanometers,  C = 2.37  x 10-5. 


extrapolations  are  based  upon  the  density  ratios  of  the  U.S.  Standard  Atmosphere.  1962  (equivalent  to 
the  45°N  Spring/Fall).  The  extrapolations  appear  on  the  graphs  of  total  volume  scattering  coefficient  as 
a slightly  slanting  dashed  line.  The  upward  extrapolations  generally  follow  the  prevailing  trend  of  the 
data,  and  are  over  small  altitude  intervals.  However,  the  upward  extrapolation  for  Flight  C-395  should 
be  used  with  caution  since  the  data  indicate  the  presence  of  a high  altitude  haze  layer  which  was  in- 
creasing in  opacity  with  time  in  addition  to  being  spatially  nonuniform. 

For  simultaneous  data,  the  order  of  the  scattering  coefficient  data  by  filter  generally  should  be  the 


Table  8.2 


Flight  Patterns  Used  During  OPAQUE  II 


Pattern 

Description 

1 

Flights 

(2  + 4) 

Two  filters  at  four  straight  and  level  altitudes 

C-390,  C-401 

(1+4) 

One  filter  at  four  straight  and  level  altitudes 

C-398 

(2  + 3) 

Two  filters  at  three  straight  and  level  altitudes 

C-395,  C-399  (Filters  4 & 5),  C-402 

(2  + 2) 

Two  filters  at  two  straight  and  level  altitudes 

C-391,  C-392,  C-394,  C-397, 

C-399  (Filters  2 and  3) 

V-PRO 

Only  partial  straight  and  level  altitudes 

C-393,  C-400 

inverse  of  the  mean  wavelength  of  the  f;iters,  i.e.,  s(f i Iter  2)  N s( 4)  ^ s(3)  N s(5).  Although  the  data  were 
not  simultaneous,  the  data  above  1.5  kilometers  for  all  the  flights  but  Flight  C-375  tend  to  follow  this 
order.  The  high  altitude  data  for  Flight  C-375  and  all  the  low  altitude  data  are  much  less  consistent  by 
filter,  indicating  a less  homogeneous  aerosol  layer  and/or  a lack  of  aerosol  stability  with  time. 

Although  generally  in  order  spectrally,  the  data  for  Flight  C-397  indicate  the  presence  of  a strong 
but  unstable  or  localized  haze  layer  between  1 and  1.5  kilometers  during  the  measurements  for  Filter  2; 
this  layer  was  not  detected  during  the  later  measurements  for  the  other  3 filters. 

To  more  easily  compare  the  scattering  characteristics  of  the  flights,  the  filter  4 (pseudo-photopic) 
total  volume  scattering  coefficienl  profiles  for  each  flight  have  been  graphed  in  Figs.  8-5  and  8-6.  Figure 
8-5  contains  the  flights  made  i:i  Germany  and  Denmark.  Except  for  Flight  C-395,  the  high  altitude  data 
for  these  flights  show  a fairly  clear  layer  above  1.3  kilometers  in  the  total  volume  scattering  coefficient 
range  of  1.2  to  7.0  E-5  per  meter  and  a haze  layer  at  the  lower  altitudes.  Figure  8-6  contains  the  flights 
made  in  France.  For  these  flights,  except  for  Flight  C-398,  the  high  altitude  data  tend  to  have  a clear 
layer  above  2.5  kilometers  in  the  total  volume  scattering  coefficient  range  of  1.2  to  3 E-5  per  meter  and 
a haze  layer  at  the  lower  altitudes. 

A similar  graph  of  data  for  Northern  Europe  in  April  and  May  1976  [Fig.  8-8  of  Duntley,  et  al.  (1977)] 
indicates  a clear  area  above  3 kilometers  in  the  total  volume  scattering  coefficient  range  of  1.5  to  6.5 
E-5  per  meter  and  one  or  more  haze  layers  at  the  lower  altitudes. 

Extrapolations  Downward  to  Ground  Level.  On  all  but  one  of  the  vertical  profiles,  it  was  possible 
to  make  airborne  measurements  down  to  480  meters  and  occasionally  as  low  as  270  meters.  No  ground 
level  measurements  of  total  volume  scattering  coefficient  were  made  so  the  data  have  been  extrapolated 
down  to  ground  level.  The  extrapolations  downward  from  480  meters  or  less  to  ground  level  were  based 
upon  the  density  ratios  of  the  U.S.  Standard  Atmosphere,  1962.  Users  should  be  aware  that  extrapolations 
made  at  these  low  altitudes  involve  substantial  levels  of  uncertainty.  Previous  data  indicate  that  the 
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Fig.  8-5.  Total  Volume  Scattering  Coefficient  for  Filter  4 Pseudo-Photopic  for  Seven  OPAQUE  II  Flights. 
25  October  Through  23  November  1976 


scattering  coefficient  profile  near  ground  level  is  not  a particularly  well  behaved  function  and  often 
exhibits  strong  variations  in  structure.  Extreme  caution  should  be  exercised  in  applying  these  extrapolated 
values  to  determinations  involving  low  altitude,  near  horizontal  paths  of  sight. 

For  Flight  C-391,  the  lowest  altitude  of  measurement  for  Filter  5 was  870  meters.  At  this  altitude 
the  aircraft  was  still  above  the  haze  layer.  The  data  for  the  other  three  filters  go  down  into  the  haze  layer 
and  they  show  a relatively  stable  relationship  by  wavelength  at  the  lower  altitudes,  i.e.,  330  to  510 
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SYMBOL  FLIGHT 

° C-398 

® C-399 

* C-400 

* C— 40 1 

* C-402 


s = .47U-  974  . (8.2) 


Using  this  relationship,  the  filter  5 total  volume  scattering  coefficient  was  computed  for  420  meters, 
the  midpoint  of  the  altitude  interval  of  stable  wavelength  relationship. 

Since  the  top  of  the  haze  layer  appeared  to  be  at  750  meters,  the  filter  5 total  volume  scattering 
coefficient  was  assumed  to  change  from  its  computed  midpoint  value  according  to  the  density  ratio  from 
ground  level  to  750  meters.  It  was  then  interpolated  linearly  to  the  data  value  at  the  lowest  altitude  of 
measurement  870  meters. 

All  of  the  downward  extrapolations  appear  on  the  graphs  of  total  volume  scattering  coefficient  in 
Section  7.3  as  dashed  lines. 

Low  Altitude  Data.  The  total  volume  scattering  coefficient  data  below  1.5  kilometers  tend  to  be 
more  complex  than  the  high  altitude  data.  There  are  generally  one  or  more  haze  layers  in  the  region  0 to 
1.5  kilometers  and  the  relationship  by  filter  is  less  regular,  indicating  a less  stable  aerosol.  To  illus- 
trate the  complexities  of  the  low  altitude  data,  the  total  volume  scattering  coefficients  for  the  0 to  1.5 
kilometer  altitude  interval  are  replotted  on  an  expanded  scale  for  each  of  the  twelve  OPAQUE  II  flights. 
These  are  presented  in  Figs.  8-7  through  8-9.  As  one  might  expect,  even  though  the  variability  within 
this  group  of  twelve  flights  is  broad,  the  flights  can  be  separated  into  about  four  general  classes,  all  of 
which  are  normally  represented  in  most  sets  of  experimental  flight  data.  This  general  classification  by 
type  of  profile  is  illustrated  below. 


Table  8.3 

Preliminary  Classification  of  Low  Altitude  Scattering  Coefficient  Profiles 


Classification 

Class  Description 

Flight  No. 

Type  1 

No  large,  abrupt  haze  layer 

C-395 

No  spectral  cross-over  between  profiles 

C-398 

Type  II 

No  large,  abrupt  haze  layer 

C-397 

Numerous  spectral  cross-overs  between  profiles 

C-399 

C-400 

Type  III 

Moderately  abrupt  haze  layer 

C-392 

Numerous  spectral  cross-overs  between  profiles 

C-393 

C-394 

C-401 

C-402 

Type  IV 

Large,  abrupt  haze  layer 

Numerous  spectral  cross-overs  between  profiles 
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Fig.  8-7.  Low  Altitude  Total  Volwne  Scattering  Coefficients  for  Type  I and  Type  II  Profiles. 
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Fig.  8-8.  Low  Alti  tude  Total  Volume  Scattering  Coefficients  for  Type  II  and  Type  III  Profiles. 
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Fig.  8-9.  L o*  Altitude  Total  Volane  Scattering  Coefficients  for  Type  III  and  Type  IV  Profiles. 


This  typiciil  distribution  of  low  altitude  profile  classifications  becomes  particularly  significant 
whenever  the  data  application  involves  lines  of  sight  restricted  to  the  low  altitude  regime.  The  erroneous 
assumption  that  the  low  level  atmosphere  is  always  a well  behaved  Type  I environment  may  easily  result 
in  the  development  of  severely  misleading  values  of  beam  and  contrast  transmittances. 

When  the  measurements  at  the  lowest  altitude  indicate  some  abnormality,  such  as  being  out  of  order 
by  filter,  the  downward  extrapolations  retain  the  offsets  of  the  last  data  points  regardless  of  the  general 
relationship  of  the  measured  data  at  the  higher  altitudes.  This  irregularity  by  filter  at  low  altitude  is 
apparent  in  Flights  C-390,  C-392,  C 397,  C 399,  C-400,  C 401.  and  C 402.  Since  both  the  equivalent 
attenuation  length  and  beam  transmittance  are  calculated  between  ground  level  and  a specified  altitude, 
they  are  greatly  affected  by  the  low  altitude  to  ground  level  extrapolation,  and  will  reflect  these  spectral 
irregularities. 

Desirability  of  Ground  Level  Data.  Comparison  of  ground  level  data  with  downward  extrapolations 
from  airborne  data  taken  in  Southeast  Asia  during  SHEDLIGHT,  Duntley,  et  al.  (1970)  Table  7.22.  indicated 
the  importance  of  concurrent  air  and  ground  station  operation  for  full  documentation  of  the  total  volume 
scattering  coefficient  profile.  The  ground  station  measurement  provides  the  anchoring  ground  level  value 
which  completes  the  altitude  to  ground  level  profile.  Without  this  ground  level  measurement,  any  down 
ward  extrapolation  must  always  involve  a finite  degree  of  uncertainty. 

To  obtain  a measure  of  this  uncertainty,  the  ground  level  value,  extrapolated  by  the  density  ratio 
from  the  lowest  altitude  airborne  measurement,  has  been  divided  by  the  measured  ground  level  value  of 
total  volume  scattering  coefficient  for  the  SHEDLIGHT  data.  These  ratios  are  summarized  in  Table  8.4. 
For  the  SHEDLIGHT  data,  most  of  the  extrapolated  values  were  lower  than  the  measured  values.  Similar 
ratios  for  additional  deployments  during  which  ground  stations  operated  concurrently  with  airborne  mea- 
surements are  also  summarized  in  Table  8.4.  They  are  presented  chronologically:  HAVEN  VIEW  I in 
southern  Germany.  April  through  June  1970,  reported  in  Duntley.  et  al.  (1972a);  ATOM  in  central  New 
Mexico.  October  and  November,  1970,  reported  in  Duntley,  et  al.  (1972b);  HAVEN  VIEW  II  in  northern 
Germany,  May  and  June  1973,  reported  in  Duntley,  et  al.  (1976);  and  SEEKVAL  in  western  Washington. 
July.  1974,  reported  in  Duntley,  et  al.  (1975a).  The  extrapolations  to  ground  level  from  the  measurement 
at  the  lowest  airborne  altitude  were  not  included  in  the  reports  listed  above,  but  the  ground  level  mea- 
surements and  all  the  airborne  measurements  were  reported. 

In  contrast  to  the  SHEDLIGHT  data,  the  extrapolated  values  for  most  of  HAVEN  VIEW  I and  much  of 
ATOM  were  higher  than  the  ground-based  measurements.  Both  HAVEN  VIEW  II  and  SEEKVAL  have  ratios 
indicating  oxtrapolated  values  that  were  smaller  than  the  ground-based  measurements,  as  were  those 
of  SHEDLIGHT. 

To  get  an  idea  of  the  level  of  uncertainty  inherent  in  "using”  the  extrapolated  value  in  place  of 
the  measured  ground-level  value,  we  computed  the  fractional  standard  deviation  of  the  extrapolated  value 
from  the  ground-based  value.  These  fractional  standard  deviations  are  presented  in  Table  8.5.  The  frac- 
tional standard  deviation  can  be  interpreted  as  the  absolute  value  of  the  ratio  minus  one.  That  is,  if  the 
ratios  in  Table  8.4  are  designated  as  R,  the  fractional  standard  deviation  equals  |R  1|.  Thus,  the  overall 
fractional  standard  deviation  .47  for  all  the  filters  and  all  the  deployments  indicates  that  for  67  percent 
of  the  cases.  R lies  between  0.53  and  1.47.  This  level  of  uncertainty  is  relatively  high.  Concurrent 
ground-based  measurements  of  total  volume  scattering  coefficient  are  indeed  high  desirable. 
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Ratio  of  Extrapolated-to-Measured  Ground  Level  Total  Volume  Scattering  Coefficient 


Table  8.5 


Fractional  Standard  Deviation  of  Extrapolated  Value  From  Ground-Based 
Measurement  of  Total  Volume  Scattering  Coefficient 


( 

Number  of 

Fractional  Standard  Deviation 

Total 

Number  of 

Values 

Deployment 

Per  Filter 

00 

516 



I 

532  : 557 

664 

745 

765 

All  Filters 

' SHEDLIGHT 

3 

.30 

33 

.22  : 

.36 

.52 

.30 

15 

. HAVEN  VIEW  1 

6 

.27 

.49  .71 

.32 

.45 

24 

ATOM 

5 

.23 

j .20 

.33 

.28 

.24 

20 

HAVEN  VIEW  II 

4 

8 

.63 

j .66 

.71 

.88 

.65 

1 

20 

SEEKVAL 

16 

' .61 

.61 

16 

All  Deployments 

1 



.34 

.33 

o 

cn 

00 

.40  .52 

. 1.  .. 

.57 

.47 

1 

95 

It  would  also  be  highly  desirable  to  have  a direct  measure  of  the  total  volume  scattering  coeffi 
cient  profiles  between  ground  level  and  what  is  now  our  lowest  altitude  of  airborne  measurement.  This, 
however,  while  desirable,  is  not  as  simple  to  achieve  as  the  concurrent  airborne  and  ground-based 
measurements. 

Comparison  to  Visibility.  The  meteorological  estimates  of  horizontal  visibility  VV  have  been 
related  to  the  attenuation  coefficient  a by  Douglas  and  Young  (19451,  and  hence  may  be  related  to  the 
scattering  coefficient  in  the  absence  of  absorption  by 


VV  = In  18  q = 3 s 


(8.3) 


An  additional  discussion  of  this  relationship  is  presented  by  Middleton  (1952).  Visibility  values  for  the 
low  altitude  straight  and  level  flight  elements  based  on  Eq.  8.3  are  given  in  column  3 of  Table  8.5.  The 
airborne  visibilities  lie  close  to  or  within  the  span  of  the  weather  station  visibilities  for  the  early  flights 
(C-390  through  C-392)  which  all  have  relatively  low  visibilities.  The  measured  nephelometer  values  foi 
the  later  flights  (C-394  through  C-402)  indicate  clearer  air  at  low  altitude  along  the  flight  track  than  at 
ground  level  at  the  weather  stations. 

Correlation  With  Relative  Humidity.  For  the  SEEKVAL  data  (Duntley,  ef  at.  ( 1 975a )1 . an  attempt  was 
made  to  correlate  the  total  volume  scattering  coefficient  for  filter  4 (pseudo  photopic)  with  the  relative 
humidity.  These  data  indicated  an  approximately  linear  relationship  between  the  log  of  the  ratio  of  the 
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Table  8.6 


Low  Altitude  Visibility  Based  on  Nephelometer  Compared  to 
Meteorological  Estimates  from  Weather  Stations 


[ 

Visibility  (Kilometers) 


1 1 

Flight 

No.* 

Time 

(GMT) 

1 1 

Airborne 

Nephelometer 

_ - 

Visibility 
Estimate  Range 

Station 

C-390 

1429 

2.5 

2.6 

Kegnaes 

4.0 

Fehmarnbelt 

5.0 

Mon 

4.5 

Hamburg 

C-391 

1209 

2.7 

3.0 

Kegnaes 

2.0 

Fehmarnbelt 

6.0 

Mon 

3.5 

Hamburg 

C-392 

1212 

5.0 

8. 0-5.0 

Eelde 

7.0 

Lingen 

8.0 

Twente 

! C-394 

1225 

12.2 

6.0 

Kegnaes 

10.0  i 

I 

Fehmarnbelt 

C-395 

1256 

55.9 

15.0 

Kegnaes 

10.0 

Fehmarnbelt 

l . . 80 

Hamburg 

C-398 

1406 

51.6 

11.2 

Rennes-St.  Jacques 

8.0 

St.  Nazaire-Montoir 

11.2 

Nantes-Chateau  Bougon 

15.0 

Anbers  Avrille 

C-399 

1116 

48.1 

11.2-25 

Rennes-St.  Jacques 

11.2-15 

St.  Nazaire-Montoir 

11.2-30 

Nantes-Chateau  Bougon 

11.2-15 

Anbers  Avrille 

C-401 

1233 

41.2 

30.0-11.2 

Rennes-St.  Jacques 

30.0-11.2 

Nantes-Chateau  Bougon 

20.0 

Anbers/Avrille 

C-402 

1324 

39.2 

11.2 

Rennes-St.  Jacques 

11.2 

St.  Nazaire-Montoir 

12.0 

Nantes-Chateau  Bougon 

11.2 

Anbers  Avrille 

•Flights  C-393  and  C-400  did  not  have  low  altitude  ST &LV  Filter  4 nephelometer  data. 
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total  volume  scattering  coefficient  to  the  Rayleigh  total  volume  scattering  coefficient,  log  [s(z'  siz)| 
and  the  relative  humidity  RH 


log  S(Z)/RS(Z) 


RH 

1.28  — 
100 


(8.4) 


This  was  for  a flight  track  in  western  Washington  over  forest  near  an  agricultural  area  removed  from 
major  sources  of  industrial  pollution  and  auto  emissions. 

In  an  attempt  to  see  if  this  relationship  was  equally  valid  for  the  OPAQUE  II  data,  the  nephelometer 
data  from  the  straight  and  level  flight  elements  have  been  put  into  ratio  form  and  graphed  as  a function 
of  relative  humidity  in  Fig.  8-10.  The  superimposed  line  is  for  the  relationship  indicated  by  Eq.  8 4. 
Although  there  is  a rough  correlation  between  the  ratio  of  total  to  Rayleigh  volume  scattering  coefficient 
and  the  relative  humidity,  there  is  also  a great  deal  of  scatter.  The  relationship  for  the  OPAQUE  II  data 
is  far  less  clear  cut  than  it  was  for  the  SEEKVAL  data. 


The  correlation  for  the  SEEKVAL  data  was  based  upon  data  taken  during  the  vertical  profile  elements 
It  would  be  useful  to  see  if  the  rougher  correlation  for  the  OPAQUE  data  which  were  averaged  over  a 
larger  time  and  space  interval  during  the  straight  and  level  flight  elements  remains  similar  for  the  shorter 
time  interval  vertical  profile  data.  The  volume  of  the  vertical  profile  data  and  the  wish  to  facilitate  the 
availability  of  the  data  herein  reported  have  precluded  this  quantitative  analysis  of  the  OPAQUE  II  vert- 
ical profile  data,  since  the  computation  and  graphing  have  not  yet  been  automated. 


Composite  Graphs  of  RH  and  s.  A qualitative  though  informative  comparison  of  the  relative  humidity 
and  the  total  volume  scattering  coefficient  measurements  taken  during  the  vertical  profile  flight  elements 
may  be  made  by  examining  the  graphical  displays  of  relative  humidity  in  Section  6.1  and  total  volume 
scattering  coefficient  in  Section  7.3. 

A convenient  method  of  assessing  the  degree  of  similarity,  or  the  lack  thereof,  between  the  relative 
humidity  profiles  presented  in  Fig.  6 3 and  the  total  volume  scattering  coefficient  profiles  presented  in 
Section  7,  is  to  use  the  composite  plots  illustrated  in  Fig.  8-11.  From  these  composites  one  can  readily 
determine  the  degree  to  which  the  two  plots  exhibit  the  same  or  similar  structural  characteristics.  These 
paired  plots  of  simultaneously  recorded  data  sets  represent  an  optional  display  form  currently  under 
development  and  should  prove  useful  in  guiding  the  analyst  toward  the  goal  of  determining  a more  clearly 
defined  relationship  between  the  measured  optical  and  meteorological  properties  of  the  atmosphere.  It  is 
anticipated  that  the  increased  use  of  these  displays  will  accelerate  our  ability  to  select  flights  whose 
optical  and  meteorological  characteristics  are  thoroughly  enough  documented  to  enable  their  use  in  firmly 
establishing  their  linking  relationships. 

The  examples  shown  in  Fig.  8-11  were  selected  from  eleven  pairs  of  profile  data  measured  during 
the  OPAQUE  II  Filter  4 pseudo-photopic  descents.  These  graphs  were  chosen  to  illustrate  a slightly  dif- 
ferent situation  from  those  presented  in  Duntley,  et  at.  (1977),  where  the  distinction  was  made  between 
high  structural  similarity  throughout  the  altitude  interval,  and  high  similarity  only  at  low  altitude 


_ 
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FLIGHT  C— 391  FILTER  4 FLIGHT  C-395  FILTER  4 


Fig.  8-11.  Comparison  of  the  Photopic  Scattering  Coefficient  and  Relative  Humidity  Profiles  as  Measured 
During  Flights  C-391  and  C-395. 


Conversely,  where  the  relative  humidity  becomes  smaller  than  about  40  to  50  percent,  the  structure  in 
relative  humidity  profile  is  not  as  faithfully  reflected  by  the  scattering  coefficient  profile. 

EQUIVALENT  ATTENUATION  LENGTH  AND  BEAM  TRANSMITTANCE 

Equivalent  attenuation  length  is  presented  for  the  path  between  ground  level  and  altitude.  At  ground 
level  the  equivalent  attenuation  length  is  the  reciprocal  of  the  total  scattering  coefficient  s(z).  As 
altitude  increases,  the  equivalent  attenuation  length  shows  the  cumulative  effect  of  summing  s (z ) from 
ground  level  to  altitude  z. 

The  vertical  beam  transmittance  starts  at  1.0  at  ground  level  and  shows  the  cumulative  effect  of 
the  summation  of  the  total  scattering  coefficient  with  altitude. 

For  simultaneous  data,  or  even  for  sequentially  sampled  d»ta  under  reasonably  stable  and  uniform 
aerosol  conditions,  the  order  by  filter  of  the  equivalent  attenuation  length  L and  the  beam  transmittance 
Tf  should  vary  directly  as  the  mean  wavelength  of  the  filters,  i.e..  L (Fi Iter  2)  < L(4)  L|3)  <.  L 1 51.  Much 

of  the  flight  data  do  not  follow  this  order,  primarily  because  the  low  altitude  total  scattering  coefficients 
are  not  generally  in  order  by  filter.  The  flights  with  some  regularity  of  attenuation  length  with  filter  are 
Flight  C-395  at  low  altitude,  and  Flights  C-391.  C-393,  C-394,  and  C-398  at  all  altitudes. 
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Equivalent  Attenuation  Length  and  Beam  Transmittance  Examples.  The  equivalent  attenuation  length 
table  can  easily  be  used  in  Eq.  2.6  to  obtain  beam  transmittance  for  various  zenith  angles  for  the  upward 
path  of  sight  and  for  various  zenith  angles  for  the  downward  path  of  sight. 


EXAMPLES 

A.  For  an  upward  path  of  sight  at  60  degree  zenith  angle,  with  an  object  altitude  z(  at 
1800  meters,  Eq.  2.6  would  be  written 

Ti#oo(0.60«)  = exp  j[  - 1 800m /L  ( 1 800m )1  sec  60 °j  . 

Using  the  equivalent  attenuation  length  for  Flight  C-391  filter  4.  Eq.  2.6  becomes 


T3«oo(°-60°>  = exP  | - 1 800m  2260m  12  J = 0.203. 

B.  For  a downward  path  of  sight  at  a zenith  angle  of  135  degrees  from  a sensor  altitude 
of  900  meters,  Eq.  2.6  would  become 

T,  ]7  ,(900m,  135°)  = exp  |[ -900m  L(900m)  1 | sec  135°| 

Again  using  the  values  from  Flight  C-391  filter  4,  Eq.  2.6  becomes 

TIJ?  ,1900m,  135°)  = exp  j[ -900m  1210m  1 1 .414  j-  = 0.349  . 

IRRADIANCE 

Downwelling.  The  downwelling  irradiance  was  measured  during  the  straight  and  level  flight  elements 
and  during  the  vertical  profiles  on  each  flight.  During  the  straight  and  level  flight  elements,  the  intended 
aircraft  flight  attitude  was  2V : degrees  nose  high  and  the  dual  irradiometer  was  oriented  to  be  horizontal 
under  these  conditions.  The  pitch  and  roll  measurements  during  the  straight  and  level  flight  elements 
indicated  that  average  aircraft  attitude  was  such  that  the  dual  irradiometer  was  within  t3  degrees  of  true 
horizontal  during  most  of  the  flights.  Downwelling  irradiance  values  for  the  straight  and  level  flight 
elements  for  each  flight  are  presented  in  columns  7 through  10  in  Table  8.7.  The  corresponding  sun  zenith 
angle  for  each  filter  and  altitude  are  also  presented  in  columns  3 through  6. 

The  low-altitude  downwelling  irradiance  values  for  pseudo-photopic  filter  4 for  all  the  OPAQUE  II 
flights  are  graphed  in  Fig.  8-12. 
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Table  8.7 

Downwelling  Irradiance  Measured  by  the  Dual  Irradiometer 
During  the  Straight  and  Level  Flight  Elements 


Average 

Sun  Zenith  Angle  (Degrees) 

Downwelling  Irradiance  (w 

I 

m :i<m ) 

No. 

MIIIIUU6 

(meters) 

Filter  2 

Filter  4 

Filter  3 

Filter  5 

Filter  2 

Filter  4 

Filter  3 

Filter  5 

C-390 

6080 

76.7 

90.2 

77.2 

90.8 

3.34E2 

7.45E0 

2.04E2 

8.47E1  i 

3007 

73.9 

86.4 

74.3 

87.0 

3.87E2 

3.15E1 

2.10E2 

4.10E2 

1513 

71.5 

83.0 

71.9 

83.7 

4.66E2 

8.69E1 

3.06E2 

8.74E2 

| 

307 

69.6 

80.1 

69.9 

80.8 

4.14E2 

7.52E1 

2.91E2 

1.60E3 

C-391 

5267 

67.9 

70.2 

68.0 

70.3 

5.93E2 

2.86E2 

5.40E2* 

3.26E2 

562 

67.4 

68.9 

68.8 

71.6 

5.58E2 

1.89E2 

2.38E2* 

1.54E2  , 

C-392 

1170 

67.9 

70.0 

68.0 

70.3 

3.58E2 

2.13E2 

2.33E2 

1.70E2 

410 

67.6 

68.7 

67.6 

68.9 

3.18E2 

2.99E2 

2.55E2 

1.66E2 

C-393 

307 

68.3 

- 

- 

1.56E2" 

- 

- 

' 

- 

C-394 

907 

75.4 

77.3 

75.5 

77.5 

1.28E2 

1 .07E2 

4.30E1 

3.51E1 

253 

74.7 

76.2 

74.8 

76.4 

8.84E1 

1.03E2 

5.88E1 

3.34E1 

C-395 

4428 

76.6 

83.7 

76.9 

84.0 

1.76E2 

4.57E1 

1.16E2 

2.24E1 

1985 

75.4 

81.1 

75.6 

81.4 

2.13E2 

9.75E1 

1.31E2 

4.92E1 

311 

79.1 

78.2 

79.6 

78.6 

1.52E2 

1.32E2 

1 .25E2 

4.58E1 

C-397 

4297 

76.5 

76.7 

76.6 

76.8 

6.93E2* 

4.40E2* 

7 40E1* 

1.14E2* 

317 

74.1 

75.5 

75.4 

78.1 

u5.41E2 

1.57E2 

1.94E2 

2.29E1 

C-398 

4401 

71.6 

72.2 

71.8 

- 

3.77E2 

3.23E2 

2.38E2 

- 

2010 

70.6 

73.2 

70.8 

- 

5.63E2 

2.45E2 

2.93E2 

I 

809 

70.1 

74.4 

70.2 

- 

4.61E2 

3.17E2 

2.24E2 

- 

426 

70.1 

75.8 

70.1 

4.89E2 

2.78E2 

3.31E2 

- 

C-399 

2565 

- 

70.2 

- 

70.3 

- 

3.85E2 

- 

2.72E2 

1 

1347 

71.8 

70.2 

71.3 

70.2 

5.10E2 

3.41E2 

3.74E2 

1.57E2 

406 

73.9 

70.8 

73.6 

70.6 

1.70E2 

2.78E2 

1.23E2 

1.38E2 

C-400 

480 

73.0 

- 

72.8 

- 

2.09E2 

- 

9.40E1 

“ 

C-401 

5175 

70.4 

75.7  ‘ 

70.4 

76.1 

5.09E2 

2.81E2 

3.20E2 

1 .04E2  j 

2105 

70.7 

73.6 

70.6 

74.0 

4.73E2 

2.86E2 

3.01E2 

1.24E2 

891 

71.4 

71.8 

71.2 

72.0 

4.21E2 

3.44E2 

3.11E2 

1.66E2 

413 

72.6 

70.9 

72.3 

71.0 

3.76E2 

1.97E2 

2.70E2 

1 .33E2 

C-402 

3839 

71.6 

— 

77.4 

71.8 

77.9 

3.98E2 

2.41E2 

9.77E1 

1.04E2 

1390 

70.9 

75.0 

71.1 

75.4 

1.48E2 

2.73E2 

1.34E2 

1.17E2 

424 

70.6 

- 

70.6 

— 

4.56E2 

I 

1.81E2 

~ j 

’Pitch  or  roll  of  aircraft  made  irradiometer  more  than  3 degrees  from  true  horizontal. 
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The  symbols  indicate  the  cloud  categories  described  in  Table  8.1.  Since  the  altitudes  for  the  lowest 
straight  and  level  sequences  for  filter  4 ranged  between  only  295  and  443  meters  above  ground  level, 
they  can  reasonably  be  compared  to  the  ground-level  values  of  Brown  (1952).  The  illuminance  values  of 
Brown  for  unobscured  sun,  and  partial  cloud  have  been  converted  to  irradiance  units  and  depicted  as  solid 
curves  in  Fig.  8-12. 

All  but  one  of  the  low  altitude  OPAQUE  II  irradiances  are  less  than  the  clear  day  irradiances  of 
Brown.  This  seems  reasonable  since  all  of  the  flights  took  place  on  days  with  scattered  to  broken  clouds 
or  under  overcast  sky. 


Fig.  8-12.  Project  OPAQUE  II  Low  Altitude  Downwelling  Irradiance  for  Filter  4 
Pseudo-Pbotopic  Compared  to  Brown  (19621. 


(. 


The  average  pitch  of  the  aircraft  during  the  vertical  profile  sequences  was  +6.9  degrees  during 
ascent  and  -1.2  degrees  during  descent  so  that  the  dual  irradiometer  was  roughly  +4  degrees  from  hori- 
zontal during  ascent  and  -4  degrees  from  horizontal  during  descent.  The  aircraft  heading  was  generally 
cross  sun  to  minimize  this  effect.  Generally,  however,  the  orientation  of  the  dual  irradiometer  during  the 
vertical  profile  could  not  be  kept  within  as  close  an  angular  tolerance  as  during  the  straight  and  level 
flight  elements.  Therefore,  it  is  preferable  to  use  the  values  from  the  straight  and  level  sequences  in 
Table  8.7  for  the  absolute  values  of  downwelling  irradiance  and  to  use  the  vertical  profile  graphs  in 
Section  7.3  to  indicate  the  variability  of  downwelling  irradiance  with  space  and  time  during  the  flight. 


The  variance  of  the  irradiometer  collector  cap  from  true  horizontal  exceeded  acceptable  limits  in 
one  or  more  critical  planes  during  four  flights,  C-391,  C-392,  C-393,  and  C-397.  Hence,  the  following 
vertical  profiles  of  irradiance  should  be  used  with  caution: 

Flight  C-391,  Filters  2,  4,  and  3 
Flight  C-392,  Filters  4,  3,  and  5 
Flight  C-393,  Filters  2,  4,  and  3 
Flight  C-397,  Filters  2 and  5 

In  the  graphs  of  downwelling  irradiance  versus  altitude  in  Section  7.3,  the  clear  at  high  altitude 
flights,  (cloud  category  1)  are  reasonably  regular  at  high  altitude  due  to  the  absence  of  clouds,  e.g.,  C-397 
and  C-400,  filters  2 and  3.  The  minor  variability  at  high  altitude  for  C-397  may  be  due  to  excessive  pitch 
and  roll.  The  overcast  flights,  category  3,  are  generally  slightly  irregular  with  altitude,  and  the  data  are 
generally  spectrally  in  order  with  filter  2^4>3>5  but  with  lots  of  crossovers,  e.g.,  Flights  C-392,  C-393 
C-394,  and  C-399.  The  remainder  of  the  flights,  those  having  scattered  to  broken  clouds,  have  some  stable 
areas  with  altitude  and  areas  of  great  variability  indicating  clouds  intermittently  over  the  sun.  The  general 
order  of  data-taking  was  filter  2 during  ascent,  filter  3 during  descent,  filter  4 during  ascent  and  finally 
filter  5during  the  last  descent.  In  general,  for  roughly  comparable  times  the  data  are  spectrally 
in  order  with  filter  2>4>3>5.  Major  exceptions  were  the  more  variable  portions  of  profile  indicating 
clouds.  A second  major  exception  was  Flight  C-390  for  filters  4 and  5 during  sunset.  At  high  altitude  at 
roughly  comparable  times,  the  filter  5 downwelling  irradiance  was  larger  than  the  filter  4 downwelling 
irradiance.  Since  the  dual  irradiometer  was  not  always  verifying  its  proper  optical  channel  during  the 
C-390  downwelling  measurement  of  filter  5,  this  may  or  may  not  represent  a real  irradiance  difference. 

Downwelling  irradiance  for  filter  4 pseudo-photopic  has  been  graphed  separately  for  the  seven  flights 
in  Denmark  and  Germany  in  Fig.  8-13  and  for  the  five  flights  in  France  in  Fig.  8-14.  The  wide  spread  of 
values  in  Fig.  8-13  is  primarily  due  to  variations  in  sun  zenith  angle.  Flights  C-391,  C-392,  and  C-393 
were  all  in  the  60  degree  to  70  degree  sun  zenith  angle  range  and  they  are  at  the  higher  portion  of  the 
graph.  During  the  low  altitude  portion  of  Flight  C-390,  the  sun  zenith  angle  was  about  82  degrees,  but 
by  the  high  altitude  portion  it  had  changed  to  88  degrees.  The  sharp  shift  to  the  left  at  about  3 kilometers 
altitude  occurs  because  of  the  time  lapse  during  the  intervening  straight  and  level  flight  element.  Flight 
C-395  has  a sun  zenith  angle  range  of  80  degrees  to  82  degrees.  Flight  C-394  is  also  relatively  low  in 
irradiance  due  to  a relatively  low  sun  zenith  angle  of  77  degrees  and  to  being  overcast.  Flight  C-397  is 
also  about  76  degrees  but  is  clear  at  high  altitude. 


8-26 


25  October  Through  23  November  1976. 


The  irradiances  in  Fig.  8-14  have  a smaller  range  since  all  the  sun  zenith  angles  lie  between  70  and 
75  degrees  and  most  of  the  flights  are  in  cloud  category  two,  scattered  to  broken  clouds  all  altitudes. 
Flight  C-399.  the  only  overcast  case,  has  irradiance  values  very  similar  to  the  other  four  flights. 


Albedo.  The  albedo  is  the  ratio  of  the  upwelling  to  downwelling  irradiance.  The  albedos  for  the 
OPAQUE  II  airborne  data  are  summarized  in  Table  8.8.  The  albedos  are  presented  first  for  the  flights  over 
water,  and  then  for  the  flights  over  land.  The  low  altitude  albedos  for  all  filters  (2,  3.  4 and  5)  lie  in  a 
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Fig.  8-14.  Downwelling  Irradiance  for  Filter  4 Pseudo-Photopic  for  Five  OPAQUE  II  Flights, 
2 December  Through  6 December  1976. 


reasonable  range  for  cultivated  fields  with  growing  crops.  Filter  4 values  are  expected  to  be  slightly 
higher  than  the  values  for  filters  2 and  3.  The  filter  5 values  also  show  the  expected  high  reflectance  in 
the  near  infrared 

The  low  altitude  albedos  over  water  are  also  in  a reasonable  range  for  the  low  wind  speeds.  The 
over-the-water  albedos  are  relatively  neutral  spectrally  as  is  reasonable  since  most  of  the  upwelling 
irradiance  is  from  reflected  sky  and  sun  light  and  water  reflectance  is  essentially  neutral  in  this  region 
of  the  spectrum.  The  high  albedos  at  all  altitudes  for  Flight  C-390  are  probably  due  to  the  heavy  haze 
reported  at  all  flight  altitudes. 

The  albedos  generally  increase  as  expected  with  altitude.  The  large  albedos  at  high  altitude  for 
Flight  C-391  show  the  effect  of  clouds  beneath. 
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Albedo  as  Measured  by  the  Dual  Irradiometer  During  Straight  and  Level  Flight  Elements 


1 I 
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8.3  SUMMARY 

Twelve  project  data  flights  have  been  presented  and  evaluated  with  specific  attention  afforded  to 
profiles  of  total  volume  scattering  coefficient  and  downwelling  irradiance.  Selected  meteorological  mea- 
surements taken  concurrently  with  these  profile  data  have  been  inc Unit'd  as  backgiound  information  and 
for  structural  comparisons  with  the  scattering  coefficient  profiles. 

Since  the  data  for  OPAQUE  II  represent  flights  made  during  late  fall,  and  since  some  data  missions 
were  flown  under  peer  to  marginal  weather  conditions,  there  are  broader  variations  in  the  profile  data  than 
in  many  of  the  previously  reported  data  sets.  These  variations  are  welcome  additions  to  the  real  world 
documentation  afforded  by  this  OPAQUE  series. 

Supplemental  displays  of  low  altitude  scattering  coefficient  profile  data  have  been  added  to  illus 
trate  the  highly  variable  nature  of  these  data  in  the  near  ground  regime.  Historical  tabular  data  is  also 
presented  to  support  the  illustration  of  this  variability.  The  existence  of  this  highly  variable  near  ground 
regime,  and  the  relative  paucity  of  data  documenting  its  true  character  should  be  of  serious  concern  to 
analysts  working  with  low  altitude  paths  of  sight. 

It  is  recommended  that  the  experimental  program  tie  adjusted  to  concentrate  more  heavily  on  docu 
menting  and  evaluating  the  effects  of  these  highly  variable  low  altitude  optical  properties. 
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